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INTRODUCTION AND LITERATURE REVIEW 
Taxonomy and Origin of the Domesticated Sunflower 
The commercial sunflower (Helianthus Annuus) belongs to the genus 
Helianthus of the Compositae family. All species of the Helianthus genus 
are native to the Americas where archeological evidence reveals the use 
of the wild sunflower among American Indians (Heiser, 1955; Reiser et 
al., 1969). At least one reference indicates that cultivation of 
sunflower by the American Indians began in Arizona and New Mexico about 
3000 B.C. (Semelczi-Kovacs, 1975). 
The American Indians used sunflower as food, in medicine and 
ceremonies. Sunflower seed meal was mixed with maize flour to make 
bread. Oil from sunflower seeds was extracted and used to season food, 
to anoint the hair, and to serve as a base for pigments. Sunflower was 
also used as a medicine to cure rattlesnake bites and for other remedies 
(Heiser, 1976). After the discovery of America, sunflower was introduced 
to Europe. Zukovsky (1950) states that the earliest records of sunflower 
seeds from New Mexico were obtained by a Spanish expedition in 1510. 
These seeds were sown in a botanical garden in Madrid, Spain (Heiser, 
1951; Gundaev, 1971; Semelczi-Kovacs, 1975). Sunflower gradually moved 
eastward and northward in the European continent and eventually reached 
Russia in the middle of the Eighteenth Century (Zukovsky, 1950). By the 
beginning of the Twentieth Century, sunflower became a major edible oil 
crop in Russia. The Russian plant breeders devoted great effort to the 
improvement of production parameters of sunflower, and to increase 
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disease resistance In cultivated plants. The most noteworthy achievement 
of the Russians has been an Increase In the oil content of the seeds from 
28% In the 1920s to 43% by 1935 and to 49% In 1955. Presently, some 
varieties have oil contents of over 50%. Mammoth Russians Is one of the 
best known varieties developed by the Russian breeders (Zukovsky, 1950). 
Cultivated sunflower was reintroduced to North America by the immigrants 
from Europe around 1875. But it was not until the 1880s that seed 
companies in the USA started offering Mammoth Russian sunflower. So 
sunflower was taken from America to Europe, eventually reached Russia, 
and then was reintroduced into America from Russia. Practically all the 
commercial cultivars now cultivated in America are of Russian origin. 
Morphology of the Sunflower Plant 
The most striking feature of the sunflower plant is the head 
Inflorescence which carries the seeds. The floral head of the sunflower 
plant consists of Individual, small flowers which are congested and 
attached on a single horizontal plane to simulate a large individual 
flower. The whole intricate arrangement of the head and structure of the 
flowers is believed to be an adaptation to improve the efficiency of 
pollination by insects and other means (Heiser, 1976). Each flower has a 
single inferior ovary containing one seed which ripens into the fruit or 
achene. The achene consists of a seed, often called the kernel, and 
adhering pericarp, usually called the hull. 
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Chemical and Physical Composition of Sunflower Seeds 
Two different types of sunflower cultivars are produced, the oilseed 
and the nonollseed. Edible oil Is the main product of the oilseed 
cultivars, with the meal an Important by-product. The edible kernels of 
the nonollseed cultivars are used for confectionery or as bird seeds. 
The chemical and physical compositions of seeds of the two types of 
cultivars differ greatly (Table 1). Seeds of oilseed cultivars have 
higher oil content, lower hull percentage, but smaller size than those of 
nonollseed cultivars. Within each type of cultivar, the composition of 
the seeds varies greatly with the cultivar, location, year of planting, 
type of soil and cultural practices. These variations are well-
documented in the literature; hence, care should be taken when 
comparisons among cultivars are made with respect to their physical, 
chemical or nutritional qualities. 
Table I. Physical and chemical composition of sunflower seed of the oil 
and confectionery type varieties (Earle et al., 1968) 
Type of varieties 
Oil Confectionery 
Peredovlk Krasnodaret Mingren 
Weight/1000, g 
Hull, % 
Moisture, % 
Oil, % 
Protein, % 
78 
24 
5.9 
51.4 
15.8 
5.0 
43.3 
22 .2  
87 
23 
180 
52 
7.1 
21 .0  
19.0 
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The chemical composition of sunflower seeds (oil type) compares 
favorably with that of other oilseeds. Table 2 shows that sunflower 
seeds have higher oil content than any of the major oilseeds except for 
peanut. This is the result of the extensive selection for high oil 
content of sunflower seeds that was done at the turn of this century. 
Table 2. Chemical composition of the major oilseeds (Unilever, 1976) 
Lipids Protein Carbohydrate Water 
% 
Soybeans 24 40 13 7 
Sunflower seeds 40 30 25 5 
Cottonseeds 30 53 10 6 
Peanut 49 24 18 9 
Rapeseeds 35 28 35 2 
Sunflower seed oil 
Selection of sunflower for high oil content has been the main goal 
of sunflower breeding programs since the beginning of this century. 
Plant breeders were successful in increasing the oil content of sunflower 
seed from 28% to above 50% during a period of seven decades. However, 
seeds of the same cultivar vary in their oil content depending on the 
geographical location, environmental temperature, year of planting, 
cultural practices and other factors. Pustovoit (1973) reported 
variations in oil content of Kruglik A041 strain over a period of 9 years 
(1931-1939) during which the oil content of seeds from this strain ranged 
from 32.79% to 39.21%. Dedio et al. (1980) reported differences In oil 
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content of sunflower seeds grown on two different types of soil, brown 
and dark brown soils. An example of the effect of cultural practices on 
the oil content of the seed is the effect of placement methods of 
phosphate fertilizers. The oil content of sunflower seeds increased from 
30.4% to 35.3% when band placement of fertilizer was used (Dedio et al., 
1980). 
Fatty acid composition of sunflower oil makes it desirable for use 
as an edible oil. Sunflower oil has relatively lower levels of total 
saturated fatty acids, palmitic and stearic than soybean oil (II vs. 
14.1%, respectively) (Table 3). Sunflower oil is also low in linolenic 
acid, which is primarily responsible for its excellent storage qualities. 
The oleic and linoleic acids levels in the oil are quite variable 
(Peredovic vs. Krasnodaret cultivars. Table 3) and they vary inversely 
with each other. The total unsaturated fatty acids (oleic and linoleic 
acids) level in sunflower oil is higher than in soybean oil (Table 3). 
The high linoleic acid content of sunflower oil makes it desirable as an 
edible oil because of medical evidence linking unsaturated fat with 
reduced risk of heart disease (Robertson, 1972). 
Fatty acid composition of sunflower oil is affected by environmental 
temperature (Canvin, 1965). There is a large negative correlation 
between linoleic acid concentration in the seed and environmental 
temperatures during the 0 to 35 or the 21 to 35 day period after the 
beginning of flowering (Keefer et al., 1976). Oil from sunflower seeds 
grown in northern USA and Canada contains about 70% linoleic acid and has 
a high ratio of polyunsaturated to saturated fatty acids (Kinman and 
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Table 3. Fatty acid composition of sunflower oil (Earle et al., 1968) 
and soybean oil (National Research Council (N.R.C.), 1984) 
Sunflower oil Soybean oil 
Component, % Peredovic Krasnodaret 
C16 5.8 5.7 10.3 
C18 5.2 4.8 3.8 
C18:l 15.9 41.4 22.8 
C18;2 71.5 46.4 51.0 
C18:3 0.2 TR* 6.8 
*Trace amounts. 
Earle, 1964; Robertson, 1975). In contrast, oil from seeds produced in 
southern USA contains only 40 to 50% linoleic acid (Morrison, 1975) 
(Table 4). The use of breeding to modify the fatty acid composition of 
sunflower oil has received little attention; therefore, within similar 
environments, the fatty acid composition of different cultivars is quite 
uniform (Kharchenko and Borodulina, 1976). 
Table 4. Fatty acid composition of oil from sunflower seed of Peredovik 
variety grown at different locations (Robertson, 1972) 
Fatty acid composition, % 
Planting 
location Palmitic Stearic Oleic Linoleic 
Canada 6.1 3.7 16.4 73.3 
Minnesota 5.6 6.5 19.1 67.0 
California 6.5 3.9 36.7 51.5 
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Sunflower seed proteins 
The protein content of the seed varies with the genotype from 9 to 
24% (Jackson, 1956; Smith and Guard, 1958). Selection for high oil 
content resulted In decreased protein content because protein and oil 
contents are negatively correlated. However, a redistribution of protein 
fractions has occurred during selection for high oil content, resulting 
In an Increase of the albumin fraction. Moreover, an Increase In the 
ratio of albumin (17-23%) to globulin (55-60%) Improved protein quality 
greatly since globulins have higher levels of phenylalanine and aspartic 
acid but lower concentrations of methionine, cystine and lysine than the 
albumin (Baudet and Mosse, 1977). Environmental factors can also affect 
protein content and quality. Protein content increased from 14 to 20% as 
environmental temperature Increased from 10 to 26°C (Canvln, 1965). 
Borodulina and Suprunova (1976) Indicated that growing sunflower under 
dry land conditions tends to increase the salt-soluble fraction of 
protein and lower its quality. Sunflower protein has a potential in 
human and animal nutrition as a protein source. Under optimal processing 
and dehulling conditions, the protein quality of a meal from sunflower 
seed is equivalent to that of soybean meal. However, when processing 
conditions are harsh or when excess heat is used to desolventize the 
meal, some decline in biological value occurs due to the destruction of 
lysine, arginlne and tryptophan (Clandlnin, 1958). 
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Sunflower hulls 
The pericarp or hull Is composed of approximately equal proportions 
of lignin, pentosans and cellulosic materials representing 82 to 86% of 
the total weight of the hull (Earle et al., 1968) (Table 5). The lignin 
and the hull carbohydrate are highly indigestible by animals. 
Table 5. Chemical composition (%) of sunflower seed hulls of different 
cultivars (Earle et al., 1968) 
Cultivars Ash Lignin Pentosan Cellulose 
Oil-type 
Armavirec 
Peredovik 
Krasnodaret 
2.9 
3.2 
2.8 
28.0 
26.6 
27.2 
28.7 
26 .6  
26.8 
29.0 
30.2 
29.8 
Confectionery 
Mingren 1 .8  25.1 31.0 32.4 
Anti-nutritional factors 
Sunflower seeds are almost free of toxic compounds that may impede 
their use in human or animal nutrition. However, sunflower seeds have 
arginase and trypsin inhibitors which are heat labile and inactivated 
easily (Roy and Bhat, 1974). Sunflower seeds have a polyphenolic 
compound, chlorogenic acid, which has been hindering their broad use for 
human consumption. Chlorogenic acid is bound to low molecular weight 
proteins by a hydrogen bond between the hydroxyl groups of phenolic 
compounds and peptide bond in proteins. Both genotype of the seeds and 
environmental conditions during seed maturation have a direct effect on 
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the concentration of chlorogenlc acid In the seed. Dorrell (1976) 
analyzed 38 Inbred lines and found that the concentration of chlorogenlc 
acid ranged from 1.4% to 4%. Early seeding and warm temperatures during 
seed maturation favored higher levels of chlorogenlc acid. Eliminating 
or reducing the amount of chlorogenlc acid in the seed through genetical 
selection is difficult because oil and chlorogenlc acid contents are 
positively correlated. Furthermore, the difficulty would be compounded 
by a strong environmental effect on chlorogenlc acid concentration. 
Processing Procedures of Sunflower Seeds 
Processing conditions of sunflower seeds during oil extraction are 
critical for maximizing oil yield and in producing a good quality meal 
that can be used successfully in animal or human nutrition. Maximum 
efficiency of oil extraction is the primary goal of processing; hence, 
processing conditions are optimized for this purpose but sometimes at the 
expense of the nutritive qualities of the meal. 
Sunflower seed may or may not be dehulled prior to extraction, 
depending primarily on the design of the processing plant. Dehulllng has 
many advantages; it reduces the movement of an unnecessary mass through 
the systems, it reduces wear in the expeller, it reduces the wax content 
of the oil, and it reduces the fiber content of the meal (Dorrell, 1976). 
The kernels are crushed or rolled, then cooked to facilitate the 
disruption of oil-bearing tissue (Macuk, 1971). The cooking temperature 
has been shown to affect the efficiency of oil extraction and nutritive 
value of the meal. The flaked kernels are prepressed in a screw press or 
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expeller (Tlndale and Hill-Haas, 1976); then the oil is extracted using 
an organic solvent. The main solvent used is hexane, but other solvents 
can be used. Solvents are recovered by evaporation using heat. Morrison 
et al. (1953) reported an increase in the oil content of sunflower meal 
when the cooking temperatures were decreased from 115°C and 127°C to 93°C 
and 104°C in the cooker and conditioner, respectively. Also, sunflower 
meal processed at lower temperatures (93-104°C) supported better growth 
when fed to growing chickens. Lowering the cooking temperature to 
produce a better quality sunflower meal at the expense of a less 
efficient oil extraction, in most cases, is not yet economically 
justifiable to the oil extraction industry. Moreover, there is not 
enough evidence that sunflower meal can be used satisfactorily in human 
or animal nutrition; therefore, the prices of sunflower meal are not high 
enough to compensate for the oil loss. 
Chemical Composition of Sunflower Meal 
The chemical composition of sunflower seed meal compares favorably 
with most other vegetable-type meal (Table 6). The main exceptions are 
the higher fiber and ash contents, which tend to reduce the metabolizable 
energy of the meal. 
Composition of the meal tends to vary directly with the efficiency 
of the dehulllng and extraction procedures. Dehulling is usually biased 
towards minimum loss of oil-bearing tissue; therefore, the meal contains 
more fiber than desired for optimum quality (Dorrell, 1976). 
The amino acid composition of sunflower meal and soybean meal is 
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Table 6. Chemical composition of oilseed meal expressed as percent of 
the meal, as fed basis (N.R.C., 1984) 
Meal type Crude Ether Crude Energy* 
protein extract fiber 
% 
Soybean meal-dehulled 48.5 1.0 3.9 2440 
Sunflower meal-dehulled 45.4 2.9 12.2 2320 
Safflower meal-dehulled 43.0 1.3 13.5 1920 
^Metabolizable energy for poultry (kcal/kg). 
shown in Table 7. Sunflower meal protein is relatively deficient in 
lysine but rich in total sulfur amino acids as compared with soybean meal 
protein. In general, sunflower meal protein has a well-balanced amino 
acid composition. 
Table 7. Amino acid composition (%) of sunflower meal and soybean meal 
as percent of the meal, as fed basis (N.R.C., 1984) 
Amino acids Soybean meal Soybean meal Sunflower meal 
(48.5% protein) (44% protein) (45.4% protein) 
Arginine 3.68 3.28 3.50 
Glycine 2.29 2.29 2.69 
Serine 2.89 2.45 1.75 
Histidine 1.32 1.15 1.39 
Isoleucine 2.57 2.39 2.78 
Leucine 3.82 3.52 3.88 
Lysine 3.18 2.93 1.70 
Methionine 0.72 0.65 0.72 
Cystine 0.73 0.69 0.71 
Phenylalanine 2.11 2.27 2.93 
Threonine 1.91 1.81 2.13 
Tryptophan 0.67 0.62 0.71 
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Sunflower meal Is known to be a good source of calcium, phosphorus 
and B-complex vitamins (Morrison, 1975; Clandinin, 1958). Sunflower meal 
is free of toxic compounds that may seriously impede its use in human or 
animal nutrition. 
Use of Sunflower in Animal Feed 
Ruminants 
The high energy and fiber contents of sunflower seeds make them 
favorable for use in ruminant rations. The use of sunflower seeds, 
besides other oilseeds, as a substitute for supplemental fat or high 
level of grain in rations of high producing cows has been investigated. 
Supplemental fat or high level of grain is used to correct the deficit of 
energy caused by high requirements for maintenance and milk production. 
Supplemental fat or high level of grain induce changes in the type of 
rumen microbes and their fermentation by-products to those that are not 
favorable for milk fat secretion. However, when sunflower seed is used 
as the fat source, secretion of milk fat is not affected adversely. It 
is believed that the fibrous coat of sunflower seed slows the release of 
and by-passes the oil through the rumen to the abomasum to be absorbed, 
undegraded. As a result, the adverse effects of using high levels of 
supplemental fat on rumen microbes are minimized. According to Wrenn et 
al. (1975), milk fat was increased in lactating cows fed a ground mixture 
of 30% soybeans and 70% sunflower seeds. These results were supported by 
White et al. (1987), who found a significant increase in milk fat 
percentage with the inclusion of whole sunflower seeds at 9% of a ration 
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fed to lactatlng cows. In both studies, milk yield and milk proteins 
were not affected by dietary treatment. Rafalowskl and Park (1982) 
reported a significant Increase in milk yield when lactatlng cows were 
fed rations containing 10% whole sunflower seeds. 
Another area of research on the use of sunflower seeds in ruminant 
rations has some Implications on human health. The consumption of 
polyunsaturated fatty acids (PUFA) has been implicated in reducing risk 
of heart diseases in humans. This triggered Investigations on the 
possibility of Increasing the contents of PUFA in meat and milk products. 
It is believed that the blohydrogenatlon of fatty acids by rumen microbes 
interferes with the Incorporation of dietary PUFA into milk or meat. 
Some researchers reported that using whole oil-seeds treated with 
formaldehyde protects oil from microbial attack in the rumen so that PUFA 
are absorbed. Intact, from the small intestine and incorporated into milk 
and meat. The high level of PUFA in sunflower oil and the protective 
role of the coat of sunflower seeds against microbial degradation make 
sunflower seed of Interest to ruminant and human nutritionists. Wrenn et 
al. (1975) reported an Increase in llnoleic acid content of milk fat from 
2.5 to 20% with compensatory decline in myristic and palmitic acids when 
lactatlng cows were fed a ground mixture of 30% soybeans and 70% 
sunflower seeds. 
Jagusch (1975) fed a supplement of sunflower seed treated with 
formaldehyde to 9-week-old Coopworth and Poll dorset lambs for 40 days 
and 30 days, respectively. The llnoleic acid in the perirenal fat 
Increased from 3 to 14% in the Coopworth and from 4 to 25% in Poll dorset 
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lambs• 
Sunflower meal, the by-product of oil extraction, has been reported 
to be a useful feed Ingredient in ruminant diets because of its high 
protein and fiber contents. Stake et al. (1973) found that sunflower 
meal can be used as a protein supplement in calf (birth to 14 weeks of 
age) starter diets. According to Schingoethe et al. (1977), protein from 
sunflower meal was comparable to that from soybean meal in supporting 
milk production of lactating cows. 
Sunflower meal can be a cheap protein supplement to low-quality 
roughage fed to sheep raised for wool production. SfTiep kept for wool 
production do not require a highly digestible organic matter intake but 
require adequate protein for optimum wool growth. Coombe (1985) 
demonstrated that sheep fed rations containing sunflower meal and oat 
straw consumed more feed, and had greater body weight gain and wool 
growth than those fed rations containing urea and oat straw. 
Nonruminants 
The use of sunflower meal as an economic alternative to soybean meal 
in poultry and swine diets is believed to be limited by low lysine 
availability and high fiber content of the meal. The degree to which 
each of the above-mentioned limitations contributes to the poor 
performance of nonruminants fed diets containing sunflower meal is 
controversial. Studies with swine and poultry have shown that the high 
fiber content of sunflower meal reduced performance even with adequate 
lysine supplementation. The specific mechanisms of the effects of 
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dietary fibers on performance of nonrumlnants are not well-understood. 
It Is believed that dietary fibers are not well-digested by nonrumlnants, 
especially poultry; hence, fibrous feedstuffs act as diluents of 
nutrients and add bulkiness to the diet. Animals usually respond to the 
diluting effect of fibers by increasing dietary Intake and, thus, they 
may be able to consume enough nutrients to grow at a rate comparable to a 
control. But this compensatory increase In feed consumption may be 
partially or totally hindered by physical limitations in the ability of 
the gut to distend. In these cases, feed consumption may not be 
Increased at all or not enough to satisfy nutrient requirements, and in 
more severe cases, feed intake may be reduced to an extent that growth is 
impaired. Moreover, fibrous feeds have poor palatability that may reduce 
feed Intake and growth. Numerous research studies have been conducted to 
find methods that may alleviate the adverse effects of dietary fibers. 
Supplemental fat has been used, in many Instances, to increase the energy 
density of the diet which allows adequate energy consumption and prevents 
Impairment of growth. Supplemental fats, also, improve the physical 
consistency and reduce the dustiness of fibrous feed resulting in 
improved palatability and, consequently. Increased feed consumption. 
Pelleting of fibrous feeds may also increase the feed density and improve 
the palatability resulting in Increased feed consumption. 
Sunflower meal in swine diets 
Lysine has been reported to be the first limiting amino acid in 
swine and poultry diets containing sunflower meal. Reports on the 
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response of swine to lysine supplementation are contradictory. Seerley 
et al. (1974) evaluated sunflower meal (44.3% crude protein) as a 
replacement for soybean meal in diets of growing swine. Average daily 
weight gain and feed consumption were depressed when sunflower meal 
replaced 50 to 100% of soybean meal protein in the diet (9.8 and 20% of 
the diet, respectively). Lysine levels in the diets containing sunflower 
meal were less than the minimum requirement recommended by the National 
Research Council (N.R.C.) (1988) for growing swine. When the same diets 
containing 9.8 or 20% sunflower meal were supplemented with synthetic 
lysine up to the requirement, feed consumption Increased and weight gains 
were comparable to the control. The improvement in performance observed 
with lysine supplementation suggests that lysine deficiency of diets 
containing sunflower meal was, in this instance, the main factor 
contributing to the poor performance of the animal and that the adverse 
effects of fiber, if any, were minimal. In contrast, Moser et al. (1985) 
reported a reduction in body weight gain and an increase in feed 
consumption when they fed isolysinic diets containing up to 30% sunflower 
meal (34% crude protein) to growing-finishing swine. The authors 
attributed the reduction in performance to the high fiber content of 
sunflower meal (20.5% crude fiber). The authors speculated that the 
Increased feed consumption was an attempt by the animals to satisfy their 
nutrient requirements but that the pigs were unable to consume enough for 
normal growth because of the bulkiness of the feed. It is reasonable to 
conclude from the data of the above-mentioned studies that, when lysine 
level is adequate In the diet, adjustment in feed Intake to satisfy 
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energy requirement could be impaired, at least partially, by the 
bulkiness of diets containing sunflower meal. The sunflower meal used by 
Seerley et al. (1974) contained only 3% crude fiber, a value comparable 
to that of soybean meal. Hence, energy level and consequently feed 
consumption were not significantly affected by substitution of soybean 
meal by sunflower meal. On the other hand, Moser et al. (1985) used 
sunflower meal of high fiber content (20.5% crude fiber) and at high 
level (30%) of the diet. Therefore, the bulkiness of the diet containing 
30% sunflower meal hindered the consumption of the additional amount of 
feed needed to compensate for the low energy concentration of that diet. 
This resulted in impaired growth. 
The depressing effects of including sunflower meal in the diet on 
performance tend to be less severe in young than in older pigs. Moser et 
al. (1985) included sunflower meal (41.8% crude protein) up to 41.6% of 
pig starter (0-28 days of age) diets. Average daily gain and feed 
conversion were not significantly different among diet treatments. These 
results are supported by Wahlstrom et al. (1986) and Baird (1982) who 
concluded that sunflower meal can be included in diets of young pigs as a 
protein source if the diets contained adequate levels of all essen-tial 
amino acids. The low energy content of diets containing sunflower meal 
could be the limiting factor for normal growth at older ages. 
Sunflower meal in poultry diets 
The nutritional value of sunflower meal as an ingredient in poultry 
feed has not been studied extensively although sunflower meal is used as 
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a protein supplement for poultry In many countries. 
Low lysine and/(or) higher fiber contents of sunflower meal could be 
Impediments to Its broad use In poultry diets. Theoretically, the 
addition of synthetic lysine and/(or) the use of combinations of 
sunflower meal with other lysine-rlch protein sources should correct 
lysine deficiency in diets containing sunflower meal. The high fiber 
content of sunflower meal could be a strong hindrance to its use because 
fibers are highly undlgestlble by poultry. Dietary fibers act as 
diluents; they add bulkiness and reduce palatabllity of the diet. 
Sunflower meal is mainly considered for use as a protein source. Earlier 
research was focused on studying the protein quality of the meal. 
McGlnnis et al. (1948), Klaln et al. (1956), Thomas et al. (1965), Afifi 
(1972), Cuca et al. (1973), Rad and Keshavarz (1976) and Taha et al. 
(1980) reported that lysine is the first and threonine the second 
limiting amino acids in poultry diets containing sunflower meal. As in 
the case of swine, the response of poultry to lysine supplementation of 
diets containing sunflower meal has been controversial. Rad and 
Keshavarz (1976) included sunflower meal (40% crude protein) up to 36.92% 
(100% substitution of soybean meal) of isonltrogenous, Isocalorlc broiler 
chicken diets. Growth was depressed when sunflower meal was included at 
a level higher than 17.3% of the diet. However, when lysine was 
supplemented at requirement level, sunflower meal could be substituted 
for 100% of soybean meal In the diet without adversely affecting 
performance. The authors did not present feed consumption data, but 
computations show that feed consumption of chicks fed diets containing 
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sunflower meal (nonsupplemented) was depressed relative to that of chicks 
fed soybean control diet. However, when lysine was supplemented, feed 
consumption of chicks fed diets containing sunflower meal was Increased 
up to a level comparable to that of the control diet. 
Taha et al. (1980) fed diets containing sunflower meal (SFM), 
sunflower-seed protein concentrate (SPC), and sunflower-seed protein 
Isolate (SPI) (59.1, 90.8 and 100% crude protein, respectively) to 7-day-
old chicks. SFM, SPC and SPI supplied 50% of the total protein content 
(12%) of the diet. Weight gain and feed consumption were depressed 
significantly when SFM, SPC and SPI were compared to the casein control 
diet. When lysine was supplemented to the diets containing SFM, SPC, and 
SPI, weight gains were comparable to that of chicks fed the control diet. 
This Improvement in weight gain was accompanied by an increase in feed 
consumption. 
In contrast, Klain et al. (1956) used sunflower meal (43.4% crude 
protein) up to 29.75% of practical-type broiler chicken diets. As the 
level of sunflower meal increased, body weight gain and feed consumption 
were decreased and feed efficiency was impaired. Lysine supplementation 
resulted in improved growth and feed consumption, but none of the diets 
containing sunflower meal supported a growth comparable to that of chicks 
fed the control diet. 
Àfifl (1972) reported that sunflower meal (32.42% crude protein) can 
replace successfully two-thirds (12% of the diet) of the soybean meal in 
broiler chicken diets with no adverse effects on performance. Lysine 
supplementation Improved performance of chicks fed diets containing a 
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higher level of sunflower meal (18%), but did not totally overcome the 
adverse effects of feeding sunflower meal. Klain et al. (1956) and Afifi 
(1972) concluded that the reduction in performance of chickens fed diets 
containing sunflower meal could not be attributed solely to low lysine 
content of the meal. The high fiber content of sunflower meal 
contributed, at least partly, to the growth depression of chicks since 
lysine supplementation did not overcome the adverse effects of sunflower 
meal diets on performance. In contrast, Rad and Keshavarz (1976) and 
Taha et al. (1980) concluded that the adverse effects of including 
sunflower meal in the broiler diets could be totally overcome by lysine 
supplementation. 
It is worth noting that the fiber content of sunflower meal used by 
Taha et al. (1980) was relatively low. Also, supplemental fat was used 
by Rad and Keshavarz (1976) to increase the energy density of the diet. 
In both studies, it seems that chickens consumed adequate amounts of 
energy and grew at a rate comparable to that of the control fed chickens. 
On the other hand, the higher fiber content of sunflower meal used by 
Klain et al. (1956) and Afifi (1972) prevented the adjustment of feed 
intake needed for chicks to satisfy their energy requirements and, 
consequently, performance was reduced even though the diets contained 
adequate lysine. 
It seems that, as in the case of swine, when lysine level is 
adequate in the diet, adjustment in feed intake to satisfy energy 
requirement and grow at a normal rate could be impaired, at least partly, 
by the bulklness of diets containing sunflower meal. 
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Optimally, the fiber content of sunflower meal should be kept 
minimal. This could be done by decortication of the seeds during oil 
extraction. But, if decortication is not feasible because of economical 
reasons or the design of the oil extraction plant, then sunflower meal 
should be included in the diet at levels to optimize profit. A series of 
research studies were reported to determine the maximum levels at which 
sunflower meal could be used with no adverse effects on performance. 
Valdivie et al. (1982) reported that broilers fed a diet containing 20% 
sunflower meal (40.3% crude protein) were heavier at market age than were 
broilers fed a soybean meal control diet. Feed consumption and feed 
conversion were not significantly affected by dietary treatment. 
Valdivie et al. (1976) reported that when supplemental fat was used, 
sunflower meal could be added up to 30% of broiler chicken diets. At 6 
weeks of age, body weight gain of male and female chickens fed a diet 
containing sunflower meal and supplemental fat was numerically superior 
to that of chicks fed the control diet which did not contain any 
supplemental fat. The authors suggested that the use of sunflower meal 
at 30% of broiler chicken diets limited energy consumption, but fat 
supplementation was beneficial in increasing the energy intake and, 
consequently, growth of the animal. Rad and Keshavarz (1976) used 
sunflower meal (40% crude protein) up to 36.92% in broiler chicken diets 
containing supplemental corn oil with no adverse effects on performance. 
The authors concluded that sunflower meal can be used up to 36.92% of the 
diet provided that the diet is supplemented with a rich source of energy. 
Klain et al. (1956) used sunflower meal (43.4% crude protein) at 
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29.75% of practical-type broiler diets and reported a reduction In 
performance. Aflfl (1972) reported that the Inclusion of 18% sunflower 
meal (32.42% crude protein) In broiler diets reduced performance. In 
both studies, no attempt was made to Increase the energy density of the 
diet to alleviate the diluting effect of high fiber content of sunflower 
meal. Consequently, growth of chicks was Impaired. 
It can be concluded that the fiber content, level of sunflower meal 
and energy content of the diets are Important determinants In the 
response of the animal to diets containing sunflower meal. 
Effect of processing conditions on the nutritive 
value of sunflower meal 
Processing conditions greatly affect the nutritive value of 
sunflower meal and account for, at least partially, the variability in 
the response of chickens fed diets containing sunflower meal. Morrison 
et al. (1953) used sunflower meals processed at different temperatures. 
One of the meals was processed for 30 minutes in the cooker at 93°C and 
three minutes in the conditioner at 104°C (low-temperature sunflower 
meal). The other meal was processed for similar periods of time at 115°C 
in the cooker and 127°C in the conditioner (regular-temperature sunflower 
meal). A feeding experiment with one-day-old white Leghorn cockerels 
showed that a diet containing low-temperature sunflower meal supported 
better growth than did a diet containing regular-temperature sunflower 
meal. Both sunflower meals were included at 35% of the diet. Moreover, 
opening the choke on the expeller, and thereby reducing frlctlonal heat 
damage to sunflower meal. Improved the nutritive value, irrespective of 
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the processing temperatures. Chicks fed diets containing 35%, low-
temperature sunflower meal processed with the choke opened grew at a rate 
comparable to chicks fed the soybean meal diet. Although the authors 
attributed this Improvement to a reduction In the frlctlonal heat damage 
to sunflower meal when the choke was opened, opening the choke and 
reducing the processing temperatures also Increased the oil content of 
sunflower meal. The Increased oil content of the meal may have 
contributed to a better growth because of higher energy content of the 
diets. A follow-up study was done by Morrison et al. (1953) in which 
increasing proportions of commercially used feed ingredients in practical 
poultry diets were replaced by low-temperature sunflower meal and 
regular-temperature sunflower meal. Low-temperature sunflower meal 
satisfactorily replaced two-thirds (16% of the diet) of the fish meal and 
meat meal mixture, all (21% of the diet) of the meat meal, or two-thirds 
(14% of the diet) of soybean meal in a practical chick starter. However, 
regular-temperature sunflower meal satisfactorily replaced only one-third 
(8% of the diet) of the fish meal and meat meal mixture, or two-thirds 
(14% of the diet) of soybean meal in a practical chick starter. These 
results Illustrated that the maximum level of sunflower meal which can be 
used in the diet differed according to composition of the diet, the type 
of feed ingredient replaced by sunflower meal and the processing 
conditions under which sunflower meal was produced. 
Heat treatment is known to cause considerable destruction of lysine 
in feed ingredients. The epsilon amino acid group of lysine binds to 
reducing carbohydrates such as glucose in what is termed as the Maillard 
24 
reaction. The lyslne-sugar complex is not hydrolyzed by digestive 
enzymes, thereby making the amino acid lysine unavailable to the animal. 
Alexander and Hill (1952) studied the effect of autoclaving solvent-
extracted sunflower meal at 6.8 kg pressure on lysine availability to 
chicks. Chicks fed diets containing autoclaved sunflower meal had lower 
growth and poorer feed efficiency than those fed diets containing 
unheated sunflower meal. None of the diets containing sunflower meal 
supported a growth comparable to that of the soybean meal control diet. 
However, when the diet containing autoclaved sunflower meal was 
supplemented with lysine, growth and feed efficiency of chicks were 
comparable to those of birds fed the soybean meal control diet. The 
authors concluded that autoclaving did not adversely affect the 
availability of nutrients other than lysine to any significant degree. 
Moreover, autoclaving sunflower meal may improve its nutritional value 
provided that lysine supplementation compensates for the destruction of 
this amino acid. 
Sunflower meal for laying hens 
Egg-type chicks are more tolerant to fibrous feed than broilers 
because of their slower growth rate and greater capacity to adjust feed 
intake according to energy needs. 
Walter et al. (1959), Deaton et al. (1979) and McNaughton (1978) 
reported that egg production and egg weight were not affected by diet 
treatment when sunflower meal was included up to 30% of the diet. Deaton 
et al. (1979) reported some changes in the size of gastrointestinal tract 
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as a result of feeding sunflower meal diets. Gizzard weight and 
intestinal tract length were significantly increased by increasing levels 
of sunflower meal in the diet. This implies that laying hens adapted to 
diets containing sunflower meal by Increasing feed intake and distension 
of segments of the gastrointestinal tract to compensate for the diluting 
effect and bulkiness of the feed. In contrast. Rose et al. (1972) 
reported a reduction in egg production of laying hens when sunflower meal 
was included up to 30% of the diet. 
The use of sunflower meal as a source of dietary fiber to reduce egg 
yolk cholesterol has been investigated by McNaughton (1978). The authors 
reported a significant decrease in yolk cholesterol with no effect on egg 
weight when sunflower meal was included up to 30% of the diet. This 
reduction in egg yolk cholesterol has important health implications 
especially related to risk of heart diseases in humans. 
Sunflower seeds for laying hens 
There has been some interest in feeding whole sunflower seeds 
because they are rich in protein and oil and have a low processing cost. 
Uwayjan et al. (1983) used up to 30% sunflower seed in laying hen diets 
with no adverse effects on egg production, egg weight, feed consumption, 
feed conversion, and body weight change. Kashani and Carlson (1988) 
evaluated the effect of including 19 and 38% whole sunflower seeds in 
pullet diets fed between 10 and 19 weeks of age on subsequent laying 
performance. The authors reported that neither growth of pullets nor 
laying performance for 14, 28-day periods was significantly affected by 
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the treatment Imposed during the rearing period. 
Effect of Pelleting on the Utilization of Poultry Diets 
English poultry breeders were the first to pellet diets in an 
attempt to simplify feed handling and reduce losses due to wastage. In 
1937, Patton et al. reported that the superiority of pelleted over mash 
feeds could be attributed to increased feed consumption. Pelleting has 
become a common practice in the feed industry in many parts of the world. 
The most commonly used method of pelleting, nowadays, involves passing 
the feed through dies after treatment with steam at about 120°C. The 
beneficial effects of pelleting on chick growth and feed efficiency have 
been reported by numerous investigators (Heywang and Morgan, 1944; Lanson 
and Smyth, 1955; Lindbald et al., 1955; Hussar and Robblee, 1962; Allred 
et al., 1957; and others). However, the mechanisms of these responses 
are not well-known. There are suggestions of two major ways in which 
pelleting affects chick performance. Many investigators have reported 
that the effect of the physical form of the pellet on feed consumption is 
the principal factor contributing to the beneficial influence of 
pelleting on performance. According to Arscott et al. (1957), chicks fed 
pelleted diets containing barley had better growth than those fed the 
same diet in the mash form. However, when the pelleted diet was 
reground, the beneficial effect of pelleting was not detected. The 
results of Reddy et al. (1961) support those obtained by Arscott et al. 
(1957), whereby a pelleted corn-soybean meal diet had a higher 
metabolizable energy as compared with the same diet fed in the mash form. 
27 
Grinding the diet after pelleting resulted in metabolizable energy of the 
diet comparable to that of the same diet in the mash form. This response 
to grinding the diet after pelleting suggests that the beneficial effects 
of pelleting on growth and metabolizable energy of the diet is mainly 
attributed to the effect of the physical form of the diet on feed 
consumption, with no effect on the chemistry of the nutrients in the 
diet. Pelleting increases the density of the feed, thus allowing greater 
feed intake and better growth rate. According to Olsson and Lagervall 
(1962), chickens preferred pellets to mash feed because the former were 
easier to eat. Chicks fed pelleted feed spend only 4% of their time 
eating while chicks fed the same ration as a mash used 15% of their time 
eating (Jensen et al., 1961). Therefore, less energy is needed for 
eating activity and more net energy per unit of metabolizable energy 
intake would be available for growth. This could result in better growth 
and feed efficiency. In contrast to the results of Arscott et al. (1957) 
and Reddy et al. (1961), Sell and Thompson (1965), Hussar and Robblee 
(1962) and Allred et al. (1957) reported that weight gains and feed 
efficiency of chicks fed reground pellets were superior to those fed mash 
diets but inferior to that of chicks fed pellets. Those results 
suggested that in addition to the favorable effect of physical form of 
the pellet on feed consumption, the pelleting process induced chemical 
changes which made nutrients more available for use by the animal. There 
is no agreement in the literature on which of the nutrients may be 
affected and what the specific mechanism of these effects may be. 
However, the joint effect of heat and pressure could result in 
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modifications of the cell wall structure and the chemistry of the 
nutrients making them more available for digestion and absorption by the 
animal. Allred et al. (1957) suggested that the principal effect of 
pelleting was due to the pressure exerted on the feed as it is pushed 
through the die. Olson and Slinger (1968) found an improvement in 
protein digestibility of diets containing pelleted and reground wheat 
bran and attributed this Improvement to increased availability of protein 
originating from the aleurone layer of cells. The authors hypothesized 
that the pressure of the pelleting process may have resulted in the 
hydrolysis of certain fibrous material surrounding the aleurone cells 
making the protein more available to digestive enzymes of the animal. No 
research has been done to corroborate this hypothesis. 
Besides the protein, corn starch was reported to be more susceptible 
to digestion by amylase as a result of pressing during the pelleting 
process. It has been shown that the proportion of broken up starch 
grains was high after pelleting corn. Allred et al. (1957) proposed that 
heat-labile growth inhibitors present in some feed Ingredients may be 
inactivated by heat during the pelleting process. Heat-labile trypsin 
inhibitors are the most commonly known growth inhibitors, especially in 
legumes. Carre et al. (1987) attributed the Improvement in the true 
digestibility of protein in diets containing pelleted and reground peas, 
at least partly, to the inactlvation of trypsin inhibitors during the 
pelleting process. Moran et al. (1968) hypothesized that heating may 
break the volatile sulfide bonds in protein resulting in its denaturatlon 
and increased availability to digestive enzymes. 
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Reddy et al. (1961) reported that improvement in the apparent 
metabolizable energy due to pelleting disappeared when the pelleted feed 
was ground. This observation suggests that the improvement in the 
apparent metabolizable energy of the diet due to pelleting was related to 
the physical form of the pellet. However, the nature of this effect is 
not well-understood. It is possible that pellets may require more time 
for grinding in the gizzard (Heuser, 1945) and, hence, slow the rate of 
passage and result in better nutrient utilization. Heuser (1945) 
reported that whole corn remains in the crop and gizzard longer than 
cracked corn. Other investigators reported contradictory results to 
those obtained by Reddy et al. (1961). Carre et al. (1987) demonstrated 
that the apparent metabolizable energy of pelleted, reground diets 
containing corn and peas was higher than their respective mash diets. 
This indicates that the improvement in the metabolizable energy of the 
pelleted and then reground diets, cannot be solely attributed to its 
physical form but could be attributed to some chemical changes of dietary 
nutrients making them more available for digestion and absorption. 
Any improvement in the availability of nutrients, namely protein 
and(or) starch digestibilities, could result in an increase in the 
apparent metabolizable energy of the diet. Other researchers were unable 
to detect any improvement in the apparent metabolizable energy caused by 
pelleting (Sell and Thompson, 1965; Hussar and Robblee, 1962; Mollah et 
al., 1983). 
The contradictory results reported in the literature on the effect 
of pelleting on the performance of poultry could be attributed to many 
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factors, some of which are unknown. However, there are indications that 
the response to pelleting is strongly affected by type of ingredients 
used in the feed under study. Allred et al. (1957) conducted an 
experiment to determine which ingredients in a chick ration were most 
affected by the pelleting process. Pelleted and reground corn induced an 
improvement in performance when included in mash diet fed to chicks. 
Growth was not affected when pelleted and reground soybean meal, or 
oatmill feed were included in the mash diet. Carré et al. (1987) 
reported that peas subjected to the same treatment but mixed with 
different cereals (corn or wheat) did not exhibit the same apparent 
metabolizable energy content. Also, when peas were mixed with corn, the 
true digestibility of pea protein increased from 76% to 82% as compared 
to when peas were mixed with wheat. 
The beneficial effects of diet pelleting would be expected to be 
most pronounced with fibrous feeds where the bulkiness of the diet may 
hinder the consumption of adequate amounts of nutrients necessary for 
normal growth. Therefore, pelleting fibrous diets may alleviate their 
adverse effects on the performance of chickens. Bearse et al. (1952) 
reported that the improvement in performance due to pelleting the feed 
was more pronounced with high fiber diets than in low fiber diets. 
Pelleting reduces the problems related to dusty feeds which may stick to 
the beaks of chickens, cause ulceration, and reduce feed consumption. 
Pelleting may also increase the feed density allowing for a greater feed 
consumption and better growth. 
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Explanation of the Dissertation Format 
Four experiments were conducted and the results were reported in 
three papers. The first paper Included two experiments in which the 
metabollzable energy values of the major feed ingredients that were 
included In the diets and the whole diets used in subsequent experiments 
were determined. Once it was known that diets containing sunflower meal 
were low in energy content, two experiments were designed to Increase the 
energy density of sunflower meal diets using supplemental fat (Experiment 
III) or diet pelleting (Experiment IV). Each experiment was described in 
a separate paper. 
The three sections of this dissertation are three complete 
manuscripts which will be submitted for publication in the Poultry 
Science Journal under the authorship of Ibtlsam M. Zatarl and Jerry L. 
Sell. Ibtlsam M. Zatarl will be the senior author of these manuscripts. 
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I. METABOLIZABLE ENERGY OF DIETS CONTAINING SUNFLOWER 
MEAL AS AFFECTED BY THE USE OF SUPPLEMENTAL FAT 
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Metabollzable energy of diets containing sunflower meal as 
affected by the use of supplemental fat 
Ibtisam M. Zatari, B.S., M.S. 
Jerry L. Sell, B.S., M.S., Ph.D. 
From the Department of Animal Science, Iowa State University, Ames, Iowa 
50011 
Two experiments were conducted to determine apparent nitrogen-
corrected metabollzable energy (MEn) contents of the major feed 
ingredients that were included in the diets and those of whole diets 
containing sunflower meal. Experiment I was done to determine MEn of the 
major feed ingredients that were included in broiler chicken diets used 
in subsequent experiments. The test ingredients, corn, soybean meal and 
sunflower meal, were substituted for sucrose at 30% and animal-vegetable 
(Â-V) fat at 6 or 12% of a semipurified reference diet. MEn of the diets 
and feed ingredients were determined using the Hill and Anderson (1958) 
method. The determined MEn (kcal/kg) of the feed ingredients were: 
corn, 3280; soybean meal, 2320; sunflower meal, 940; and A-V fat, 6805. 
Experiment II was designed to determine MEn of diets containing 0, 10 or 
20% sunflower meal as affected by dietary fat supplementation at 6% of 
the diet. The six isonitrogenous diets constituted a complete factorial 
arrangement. The diets were fed to broiler chickens from 1 day to 7 
weeks of age. MEn of the diets were determined at 2, 4, 6 and 7 weeks of 
age. The Hill and Anderson (1958) method was used to calculate dietary 
MEn. Results show that MEn decreased with each 10% increment of 
sunflower meal and increased with the addition of 6% supplemental fat to 
the diet. At 6 weeks of age, the increments of MEn with fat 
supplementation were higher in diets containing 10 or 20% sunflower meal 
than in the control. This was not true at 2 or 4 weeks of age. MEn of 
the diets increased with age, especially at 6 weeks of age. This 
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Increase was most pronounced in diets containing 6% supplemental fat. 
general, the addition of supplemental fat to diets containing 10 or 2 
sunflower meal has a beneficial effect on dietary MEn, especially at 
older ages. 
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INTRODUCTION 
The sunflower oil extraction Industry produces substantial amounts 
of a by-product, sunflower meal, which has a potential use as a cheap 
source of protein in poultry feed. In some countries, sunflower meal is 
already being used as a substitute for the more conventional protein 
sources, such as soybean meal. The lack of detailed information and, in 
many instances, the contradictory reports, on the nutritive value of 
sunflower meal have impeded its broad use as a feedstuff even in 
geographical areas where sunflower meal is produced cheaply and in 
substantial amounts. The variability in the chemical composition of 
sunflower meal contributes to most of the inconsistency in the reports on 
sunflower meal. The two most variable nutrients in the meal are crude 
protein and fiber, which vary in concentration from 23 to 59% and 8.2 to 
31.6%, respectively (Afifi, 1972; National Research Council, 1984). 
The metabolizable energy as well as crude protein contents usually 
decrease as the level of dietary fiber increases in sunflower meal. 
Therefore, an accurate determination of the metabolizable energy content 
of sunflower meal is required prior to its use in poultry diets. This is 
especially important in broilers because of their limited ability to 
adjust their feed intake in response to the energy concentration of the 
diet (Summers and Leeson, 1986). Therefore, adequate metabolizable 
energy concentration in the diet is essential for optimum growth. 
Diets containing substantial amounts of sunflower meal have low 
metabolizable energy contents and, consequently, impair feed efficiency 
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and may retard growth of broilers unless energy density is Increased to 
Insure adequate metabolizable energy (MEn) Intake. Supplemental fats 
could be used as concentrated sources of energy to Increase the MEn 
concentration of diets containing sunflower meal. Besides, their 
contribution to the MEn of the diet, supplemental fats exert an "extra 
caloric effect" (Touchburn and Naber, 1966; Mateos and Sell, 1980a; Gomez 
and Polin, 1974; Sell, 1977) by reducing the rate of passage of feed 
through the digestive tract (Mateos and Sell, 1981; Mateos et al., 1982) 
and allowing more time for complete digestion and absorption of dietary 
nutrients (Mateos and Sell, 1980b). This could be especially important 
in diets containing sunflower meal, whereby the high fiber content may 
increase the rate of passage to an extent that optimum digestion and 
absorption are hindered. 
Hence, two experiments were designed to determine the MEn of the 
feed ingredients and diets to be used later in a study on the nutritive 
value of sunflower meal as a feedstuff in broiler chickens. Experiment I 
was conducted to determine the metabolizable energy values of the major 
feed ingredients, corn, soybean meal, animal-vegetable fat and sunflower 
meal, to be used in subsequent experiments. 
Experiment II was designed to determine the metabolizable energy of 
diets containing 0, 10 or 20% sunflower meal and the effect of 6% 
supplemental fat on MEn of these diets. 
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MATERIALS AND METHODS 
Experiment I 
Forty-two, one-day-old male broiler (Hubbard x Hubbard) chickens 
were placed In electrically heated battery brooders and were fed a 
semipurified reference diet (Table 1) for 7 days. On day 7, the chickens 
were weighed and allotted to individual cages (15.2 x 22.9 cm) located in 
an environmentally controlled room. One chicken was assigned per cage. 
Corn, soybean meal and sunflower meal were substituted (30% of the diet) 
for sucrose while the animal-vegetable (A-V) fat blend (Table 2) was 
substituted for sucrose at 6% and 12% of the reference diet. Except for 
sucrose, all Ingredients in the reference diet were kept constant in all 
the experimental diets. For comparison purposes, chromic oxide (Cr^O^) 
and cellte were both used as indigestible markers. The use of acid 
insoluble ash (AIA) as a marker in digestibility studies of poultry was 
suggested by Vogtmann et al. (1975). Each of the six experimental diets 
was assigned to seven cages in a completely randomized design. Each cage 
constituted an experimental unit. The feed and water were provided ad-
libitum all through the experiment (1-13 days of age). Excreta samples 
were collected on days 12 and 13, then pooled, freeze-dried and left for 
2 days to equilibrate with the atmosphere. Feed samples were collected 
immediately after mixing the diets. Feed and excreta samples were 
analyzed in duplicate for dry matter, gross energy, nitrogen, chromic 
oxide and acid insoluble ash. Samples of corn, soybean meal, and 
sunflower meal were analyzed for dry matter, nitrogen and ether extract. 
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Table I. Ingredient composition and calculated analysis of the 
semipurified reference diet - Experiment I 
Ingredients % of diet 
Sucrose 30.00 
Corn 30.27 
Soybean meal (47.4% protein) 21.00 
Casein 10.00 
Animal-vegetable fat 2.00 
Vitamin premixf 0.40 
Mineral premix 0.30 
Dicalcium phosphate 2.1 
Limestone 1.3 
D-L methionine (98% pure) 0.25 
Ârginine.HCl (80% pure) 0.38 
Celite^ 1.00 
Chromic oxide premixf* 1.00 
Total 100.00 
Calculated analysis 
Crude protein, % 21.57 
Ether extract, % 3.42 
Crude fiber, % 1.50 
Total sulfur amino acids, % 0.94 
^Provided the following per kilogram of diet: Vitamin A, 5000 lU; 
vitamin D_, 1500 lU; vitamin E, 12 lU; vitamin 11 Wg; vitamin K, 
1.8 mg; riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; 
choline, 509 mg; folic acid, .55 mg; blotin, 75 wg. 
^Provided the following per kilogram of diet: manganese, 70 mg; 
zinc, 40 mg; copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
Indigestible markers. 
'^One kilogram contained: corn, 760 g; chromic oxide, 165 g; A-V 
fat, 75 g. 
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Table 2. Characteristics and fatty acid composition of the animal-
vegetable fat used in Experiments I and II 
Percent 
Moisture 1.38 
Free fatty acids 64.00 
Unsaponifiable matter 2.32 
Insoluble impurities 0.40 
MIU 4.10 
Fatty acid % of methyl 
composition of fat esters 
C14 0.21 
016 11.31 
C16:1 0.35 
C18 4.25 
C18:l 18.24 
C18;2 58.87 
C18:3 6.44 
Others 0.34 
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Duplicates of 2-g samples were dried at 70°C for 48 hours In a force 
draft oven to determine dry matter. Ash was determined by heating 
samples at 600°C for 24 hours. Samples were extracted with diethyl ether 
to determine ether extract. Gross energy was determined using an 
adlabatlc bomb colorimeter. Nitrogen content was determined using macro-
kjeldahl method (Association of Official Analytical Chemists (AOAC), 
1980, section 2.057). Protein was calculated by multiplying the percent 
nitrogen determined by the Kjeldahl method times a factor of 6.25 (AOAC, 
1980, section 14.068). Acid Insoluble ash (AIA) was determined by a 
modified (AOAC, 1980, section 33.141) method and chromic oxide by the 
procedure described by Fenton and Fenton (1979). 
The metabollzable energy values of the diets were calculated 
according to the Hill and Anderson (1958) method using chromic oxide or 
celite as markers. This involved the use of gross energy (GE, kcal/kg), 
acid insoluble ash, chromic oxide (Cr^O^, %) and nitrogen (N, %) data to 
calculate metabollzable energy (ME, kcal/kg) and MEn (kcal/kg) values 
according to the following formulas: 
ME = GE diet - (GE excreta * CrgOg of diet/CrgO^ of excreta). 
MEn = ME - 82.2 * (% N in diet 
- (% N in excreta * CrgOg of diet/CrgO^ of excreta)). 
Assuming that the MEn of diet ingredients were additive, the MEn 
of test ingredients were calculated according to the following 
formula: 
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MEn test ingredient » MEn diet - (MEn reference diet 
- (MEn sucrose * substitution level))/substitution level. 
The MEn of the constant ingredients was calculated by subtracting the 
amount of MEn contributed by sucrose (30% of diet) from the MEn of the 
reference diet. The constant ingredients included corn (30.26%), soybean 
meal (21%), casein (10%), and A-V fat (2% of diet). Acid insoluble ash 
(AIA) concentrations (%) in feed and excreta also were used to calculate 
MEn of diets. 
The calculated MEn of diets were based on ingredient composition 
values of NRG (1984). The MEn value of sucrose (3680 kcal/kg) used in 
the calculations was obtained from the NRG (1984). 
Experiment II 
One hundred ninety-two, one-day-old broiler (Hubbard x Hubbard) 
chickens were assigned to 24 pens, 8 chickens per pen, in temperature-
controlled battery brooders. After 4 weeks, the chickens were 
transferred to 24 grower cages and were grown for 3 weeks. A factorial 
arrangement of six isonitrogenous, practical-type diets containing three 
levels of sunflower meal (0, 10 or 20%) and two levels of animal-
vegetable (A-V) fat (0 or 6%) were fed from 1 day to 7 weeks of age. 
Each of the six diets was assigned to four pens in a randomized block 
design in the brooder cages and according to a completely randomized 
design in the grower cages. Each pen was an experimental unit. The 
ingredient composition and calculated analysis of the starter and 
finisher diets are shown in Tables 3 and 4. The MEn values of the 
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Table 3. Ingredient composition and calculated analysis of starter 
diets (0-4 weeks of age) - Experiment II 
Sunflower meal level, % 
10 20 
Fat level, % Fat level, % Fat level, % 
Corn 58.48 
Soybean meal 
(47.4% protein) 26.61 
Corn gluten meal 
(61% protein) 9.16 
Sunflower meal 
(32.6% protein) — 
Animal-vegetable fat — 
Vitamin premlxf 0.50 
Mineral premlx 0.30 
Dicalclum phosphate 2.15 
Limestone 1.40 
D-L methionine 
(98% pure) 0.10 
Cellte 1.00 
Chromic oxlde^ 0.30 
Total 100.00 
Calculated analysis 
Crude protein, % 
Ether extract, % 
Crude fiber, % 
TSAA^, % 
51.23 
27.86 
9.16 
6.00 
0.50 
0.30 
2.15 
1.40 
0.10 
1.00 
0.30 
100.00 
22.98 22.98 
2.69 8.45 
2.44 2.33 
0.96 0.95 
53.08 45.83 
26.61 27.86 
4.58 4.58 
10.00 10.00 
— 6.00 
0.50 0.50 
0.30 0.30 
2.15 2.15 
1.40 1.40 
0.10 0.10 
1.00 1.00 
0.30 0.30 
100.00 100.00 
22.99 22.98 
2.53 8.17 
4.04 4.00 
0.94 0.94 
47.64 40.39 
26.61 27.86 
20.00 20.00 
— 6.00 
0.50 0.50 
0.30 0.30 
2.15 2.15 
1.40 1.40 
0.10 0.10 
1.00 1.00 
0.30 0.30 
100.00 100.00 
22.99 22.99 
2.57 8.30 
5.75 5.64 
0.98 0.91 
^Provided the following per kilogram of diet: Vitamin A, 5000 lU; 
vitamin D,, 1500 lU; vitamin E, 12 lU; vitamin 11 yg; vitamin K, 1.8 
mg; riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 
509 mg; folic acid, .55 mg; biotin, 75 pg. 
^Provided the following per kilogram of diet: Manganese, 70 mg; 
zinc, 40 mg; copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
^Indigestible marker. 
^Total sulfur amino acids. 
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Table 4. Ingredient composition and calculated analysis of finisher 
diets (4-7 weeks of age) - Experiment II 
Sunflower meal level, % 
0 10 20 
Fat level, % Fat level, % Fat level, % 
0 6 0 6 0 6 
Corn 66.55 59.60 61.47 54.19 56.42 49.12 
Soybean meal 
(47.4% protein) 20.81 22.13 19.67 20.99 18.51 19.83 
Corn gluten meal 
(61% protein) 7.18 7.18 3.59 3.59 — —— 
Sunflower meal 
(32.6% protein) —— — 10.00 10.00 20.00 20.00 
Animal-vegetable fat — 6.00 — 6.00 — 6.00 
Vitamin premix* 0.50 0.50 0.50 0.50 0.50 0.50 
Mineral premix 0.30 0.30 0.30 0.30 0.30 0.30 
Dicalcium phosphate 1.46 1.48 1.31 1.33 1.15 1.17 
Limestone 1.67 1.65 1.69 1.67 1.71 1.69 
D-L methionine 
(98% pure) 0.06 0.06 0.04 0.04 0.03 0.04 
Celite 1.00 1.00 1.00 1.00 1.00 1.00 
Chromic oxide 0.30 0.30 0.30 0.30 0.30 0.30 
Total 100.00 100.00 100.00 100.00 100.00 100.00 
Calculated analysis 
Crude protein, % 20.00 20.00 20.00 20.00 20.00 20.00 
Ether extract, % 2.99 8.35 2.94 8.37 2.82 8.32 
Crude fiber, % 2.39 2.26 4.02 3.92 5.64 5.55 
TSAA , % 0.68 0.78 0.76 0.76 0.75 0.75 
^Provided the following per kilogram of diet: Vitamin A, 5000 lU; 
vitamin D_, 1500 lU; vitamin E, 12 lU; vitamin B^., 11 jig; vitamin K, 1.8 
mg; riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 
509 mg; folic acid, .55 mg; biotin, 75 yg. 
^Provided the following per kilogram of diet: Manganese, 70 mg; 
zinc, 40 mg; copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
^Indigestible marker. 
^Total sulfur amino acids. 
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starter and finisher diets were calculated based on MEn values of feed 
ingredients suggested by the NRC (1984) except for those of corn, soybean 
meal and Â-V fat which were as determined in Experiment I. The fatty 
acid composition of the A-V fat used is shown in Table 2* The starter 
diets were fed from 0 to 4 weeks of age, whereas the finisher diets were 
fed from 4 to 7 weeks of age. All diets contained nutrients in amounts 
that satisfied the minimum requirements recommended by the NRC (1984) 
except for metabolizable energy (MEn), which increased with 6% fat 
supplementation and decreased with each 10% increment of sunflower meal 
level. Feed and water were provided ad-libitum throughout the 
experiment. Body weight and feed consumption were recorded at 2, 4, 6 
and 7 weeks of age. Samples of the diets were taken immediately after 
mixing. Excreta samples were collected at 2, 4, 6 and 7 weeks of age. 
Feed and excreta samples were analyzed for dry matter, gross energy, 
nitrogen, chromic oxide, and acid insoluble ash as described in 
experiment I. The metabolizable energies of the diets were calculated as 
described in experiment I. 
The data were analyzed by using the two-way analysis of variance 
(Snedecor, 1956). 
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RESULTS AND DISCUSSION 
Experiment I 
The determined chemical composition of the experimental diets and 
test Ingredients are shown In Table 5. The crude protein contents of 
corn and soybean meal obtained In this study were comparable but slightly 
lower than the NRG (1984) values (8.2 vs. 8.8% and 47.4 vs. 48.5%, 
respectively). However, variations In the chemical composition of feed 
Ingredients were previously reported by numerous researchers. The ether 
extract percentage of the diet containing 12% A-V fat was abnormally 
lower than the expected (9.10 vs. 15.42%, respectively). Ether extract 
determination was repeated In the laboratory to eliminate the possibility 
of error during the analysis, but similar values were obtained. 
Therefore, these abnormal ether extract values could be due to error 
during diet mixing. The calculated and determined apparent nitrogen-
corrected metabollzable energy (MEn) of the diets and determined MEn of 
the test ingredients are shown in Table 6. The MEn values presented 
herein were calculated using chromic oxide as the indigestible marker. 
The MEn values obtained using celite as the marker were inconsistent; 
hence, they were excluded from the data of this experiment. 
These results are contradictory to those reported by Vogtmann et al. 
(1975) and Schang et al. (1982), who suggested that MEn and nutrient 
digestibilities values obtained using celite as the indigestible marker 
were comparable to those obtained using total collection method. 
However, Vogtmann et al. (1975) reported similar nutrient digestibility 
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Table 5. Determined chemical composition of the experimental diets and 
test Ingredients (as fed basis) - Experiment I 
Diet Dry 
treatments matter 
Reference diet 94.75 
Corn diet 91.44 
Soybean meal diet 92.40 
Sunflower meal diet 92.90 
6% A-V fat diet 94.37 
12% A-V fat diet 94.20 
Test Ingredients 
Corn 89.99 
Soybean meal 92.46 
Sunflower meal 91.70 
Crude Ether 
protein extract Ash 
% 
22.33 3.79 6.11 
24.87 4.19 7.15 
35.95 3.78 8.60 
32.32 3.40 8.72 
22.27 8.66 6.46 
23.51 9.10 6.22 
8.22 3.17 ND* 
47.44 1.34 ND 
32.60 2.50 ND 
*Not determined. 
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Table 6. Calculated and determined nitrogen-corrected metabollzable 
energy (MEn) (kcal/kg) of the experimental diets and 
determined MEn of test Ingredients (on as fed basis) -
Experiment I 
Calculated Determined Determined 
Test diet diet ingredient 
Diet treatments ingredient MEn MEn MEn 
Reference diet NA*^  3205 3216144* NA 
Corn diet Corn 3106 3141133 32801134 
Soybean meal diet Soybean meal 2832 2808±151 23201307 
Sunflower meal diet Sunflower meal 2616 2239±56 9401293 
6% A-V fat diet A-V fat 3390 32991122 47521700 
12% A-V fat diet A-V fat 3735 3334178 6805+483 
A^verage of seven pens of one chick/pen. 
B^ased on composition values suggested by NRC (1984). 
N^ot applicable. 
M^ean + standard deviation. 
49 
values but higher MEn's with the total collection method as compared to 
those determined using celite as the indigestible marker. The reasons 
for these discrepancies are not known. 
In comparison with that of the reference diet, the MEn of the diet 
decreased with the substitution of soybean meal or sunflower meal for 
sucrose. Diet MEns increased with the inclusion of 6 or 12% A-V fat in 
place of sucrose, but did not change significantly when corn was 
substituted for sucrose. These changes in MEn were to be expected 
because of the differences in the energy concentration of the test 
Ingredients studied. Supplemental fat has the highest and sunflower meal 
the lowest energy concentration. 
The MEn's obtained for corn (8.2% crude protein) and soybean meal 
(47.4% crude protein) were 3280 and 2320 kcal/kg, respectively. These 
values are slightly lower than those listed by NRC (1984) for corn (8.8% 
crude protein, 3350 kcal/kg MEn) and soybean meal (48.5% crude protein, 
2440 kcal/kg MEn), possibly because of slight variations in the chemical 
composition of these test ingredients. However, when the NRC (1984) 
values for MEn of corn and soybean meal were adjusted for protein 
contents (8.2% and 47.4%, respectively), their expected MEn values were 
3277 and 2279 kcal/kg, respectively. 
The determined MEn of sunflower meal (32.6% protein, 940 kcal/kg 
MEn) was exceptionally lower than that suggested by the NRC (1984) (45.5% 
crude protein, 2320 kcal/kg MEn) even after adjusting for protein content 
(1666 kcal/kg MEn). This discrepancy between the determined and expected 
MEn values of sunflower meal could be attributed to the high level of 
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substitution of sunflower meal (30%) in the diet. This may have resulted 
in such a high fiber content that, consequently, poor utilization of 
nutrients, especially energy, occurred. Dietary fibers are highly 
indigestible by poultry; hence, they create bulkiness in the 
gastrointestinal tract that may increase the rate of passage to an extent 
that optimum digestion and absorption of nutrients are hindered. This 
suggests that the interaction of fiber with other nutrients of the diet 
may invalidate the assumption that the MEn values of the different feed 
ingredients used in diets are additive. If this was true in the current 
study, then the MEn contributed by the constant ingredients was actually 
lower when included in the diet containing sunflower meal than in the 
reference diet. Therefore, the use of the MEn of the constant 
ingredients obtained from the reference diet in the calculations of the 
MEn of sunflower meal may have resulted in an underestimation of MEn of 
sunflower meal. Similarly, numerous researchers reported that the level 
of inclusion affected the MEn of some test ingredient but not others. 
For example, Schang et al. (1982) demonstrated that the MEn of corn and 
soybean meal were additive and were independent of their level of 
inclusion. On the other hand, the MEn of meat, feather and fish meals 
were not additive but varied according to their level of inclusion in the 
test diet. 
The determined MEn values of diet containing 6 or 12% A-V fat were 
exceptionally lower than the calculated values (3299 and 3334 kcal/kg vs. 
3390 and 3735 kcal/kg for determined vs. calculated MEn of 6 and 12% A-V 
fat diets, respectively). The determined MEn values of A-V fat at 6 and 
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and 12% Inclusion in the diet were 4752 and 6805 kcal/kg, respectively. 
There is no explanation for the low MEn of A-V fat, especially at 6% of 
the diet. However, Sell et al. (1986) reported low ME (7114 kcal/kg) of 
similar A-V fat incorporated in the diet of 2-week-old turkey poults. 
The ME of A-V fat increased from 7114 kcal/kg at 2 weeks to 8924 kcal/kg 
at 8 weeks of age. Also, fat retention increased considerably with age. 
The authors concluded that turkeys have a limited ability to utilize fat 
during early life. This can explain the low MEn values of A-V fat 
obtained in the current study with 2-week-old broilers. The limited 
ability of very young broilers to utilize dietary fat has been reported 
previously by many investigators (Carew et al., 1972; Katongale and 
March, 1980). 
Experiment II 
Body weight gain and feed efficiency (feed/gain) over the 7-week 
period are presented in Table 7. The use of 6% supplemental fat in the 
diet increased (P<.01) weight gain and improved (P<.01) feed efficiency, 
irrespective of the level of sunflower meal in the diet. The beneficial 
effects of supplemental fat on body weight gain and feed efficiency of 
chickens has been previously reported by numerous researchers (Yacowitz, 
1953; Rand et al., 1958; Brue and Latshaw, 1985). The improvement in 
performance of chicks with the use of supplemental fat in the diet has 
been attributed to increased energy intake (Brue and Latshaw, 1985), 
increased feed intake as a result of improved palatability of the diet 
(Sunde, 1956) and/(or) improved nutrient utilization due to reduced rate 
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Table 7. The effect of dietary sunflower meal (SF) and supplemental fat 
on body weight gain and feed efficiency (feed/gain) of 
broilers through the experimental period (0-7 weeks of age)^  -
Experiment II 
Diet treatment, % 
SF 
level 
Fat 
level 
Gain 
kg/chick 
Feed 
efficiency 
0 0 2.36 2.28 
10 0 2.12 2.40 
20 • 0 2.08 2.48 
0 6 2.37 2.22 
10 6 2.42 2.24 
20 6 2.36 2.35 
SEM^  0.12 0.08 
Source of variation 
SF NS*^  0.01 
Fat 0.01 0.01 
SF*Fat 0.06 NS 
A^verage of four pens of eight chicks/pen. 
S^tandard error of the mean. 
N^ot significant. 
53 
of passage of feed (Mateos and Sell, 1980b). 
The use of 10 or 20% sunflower meal in the diets did not 
significantly affect body weight gain but impaired (P<.01) feed 
efficiency, possibly because of decreasing energy concentration as the 
level of sunflower meal increased in the diet. It is interesting to note 
that the beneficial effects of adding supplemental fat into the diets on 
performance of chicks were more pronounced in diets containing 10 or 20% 
sunflower meal than in the control (0% sunflower meal) diet. Moreover, 
the interaction effect of supplemental fat with sunflower meal on body 
weight gain approached significance (P<.06). 
Determined nitrogen-corrected metabolizable energy of the diets is 
shown in Table 8. Chromic oxide was used as the indigestible marker to 
determine MEn. As in experiment I, MEn values calculated using acid 
Insoluble ash were inconsistent; hence, they were excluded from the data 
of this experiment. The MEn values at 7 weeks of age were similar to 
those obtained at 6 weeks of age; therefore, they were not presented in 
Table 8. 
As was expected, MEn of the diet decreased (P<.01) with each 10% 
increment of sunflower meal in the diet and increased (P<.01) with 6% fat 
supplementation. This was true at 2, 4, 6 and 7 weeks of age. The 
calculated MEn values were in agreement with the determined MEn values. 
However, when fat was added to the diet, the determined MEn values tended 
to be higher than those calculated. This was true only in MEn determined 
at 6 weeks of age, possibly because the chicken's digestive and 
absorptive capacities to utilize nutrients were more developed and. 
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Table 8. Calculated and determined apparent nitrogen-corrected 
metabolizable energy (MEn) of the diets at 2, 4 and 6 weeks of 
age (on as fed basis) - Experiment II 
Diet MEn. kcal/kg 
Diet treatments, % Calculated^  Determined 
SF Fat Starter Finisher Age, weeks 
level level diet diet 2 4 6 
0 0 2949 3015 2940 2978 3085 
10 0 2770 2853 2791 2834 2783 
20 0 2589 2692 2572 2508 2644 
0 6 3223 3290 3244 3328 3472 
10 6 3044 3128 3025 2939 3295 
20 6 2863 2967 2845 2773 3095 
Source of variation 
SF NA*^  NA .01 .01 .01 
Fat NA NA .01 .01 .01 
SF*Fat NA NA NS° .01 .04 
A^verage of four pens, eight chicks/pen. 
B^ased on composition values suggested by NRC (1984). 
N^ot applicable. 
N^ot significant. 
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consequently, allowed the supplemental fat to exert a stronger 
"extracalorlc effect" resulting in higher MEn at 6 weeks of age than at 4 
weeks of age. The "extra caloric effect" (Touchburn and Naber, 1966; 
Mateos and Sell, 1980a) is thought to be exerted by a reduction in the 
rate of passage of feed as a result of using dietary fat (Mateos and 
Sell, 1981; Mateos et al., 1982) allowing more time for complete 
digestion and absorption of nutrients of the diet (Mateos and Sell, 
1980b). Moreover, specific ingredient interactions could have occurred 
at 6 weeks of age and contributed to higher determined, as compared to 
calculated, MEn values. Supplemental fats are known to interact with 
nutrients of other ingredients in the diet resulting in changes in MEn of 
the diet. For example, Kalmbach and Potter (1959) demonstrated that an 
interaction between dietary constituents and supplemental fat affected ME 
of the diet. The authors reported that corn oil and tallow had higher 
ME's when substituted for a portion of a basal diet than when substituted 
for cerelose. Sibbald (1978) suggested that a synergism between 
saturated fatty acids of a supplemental fat of animal origin and 
unsaturated fatty acids in the grain portion of a diet enhanced the 
utilization of supplemental fat* In addition to their beneficial effects 
on the utilization of nutrients, the digestibility of supplemental fat 
improves with age (Carew et al., 1972; Katongole and March, 1980; Polln 
and Hussein, 1982). This may have contributed to the higher determined 
MEn values of diets containing 6% fat as compared to the calculated MEn 
values. The limited ability of broilers to utilize dietary fat at 2 
weeks of age is corroborated with the low MEn values of A-V fat obtained 
56 
In Experiment I. 
The sunflower meal by fat interaction effect on MEn was not 
significant at 2 weeks of age but was significant (F<.01) at 4 and 6 
weeks of age. However, the trend of this interaction was different at 4 
than at 6 weeks of age. At 4 weeks of age, the increment of MEn with fat 
supplementation was higher in diets containing 0% sunflower meal than in 
those containing 10 or 20% sunflower meal (350 vs. 105 and 265 kcal/kg, 
respectively). Interestingly, this trend changed at 6 weeks of age, 
whereby the effect of fat supplementation on MEn was more pronounced in 
diets containing 10 or 20% sunflower meal than that in diets containing 
0% sunflower meal (512 and 451 vs. 387 kcal/kg, respectively). 
In general, dietary MEn increased with age (Table 9). However, when 
compared with the MEn's obtained at 2 weeks of age, most of the 
improvement in MEn was observed at 6 weeks of age, with a slight but an 
insignificant change at 4 weeks of age (Table 10). This increase was 
most pronounced in diets containing 6% added fat, irrespective of the 
sunflower meal. This resulted in a significant (P<.01) week by fat level 
interaction effect on MEn (Table 9). As explained previously, this could 
be due to improved digestive and absorptive capacity to utilize dietary 
nutrients and to benefit from the extra caloric effect of dietary fat. 
Many researchers reported similar increases in MEn with age (Bayley et 
al., 1968; March et al., 1973) and attributed it to improved digestive 
capacity and slower rate of passage as the bird aged (Hillerman et al., 
1953; Shires et al., 1987). However, the improvement in fat 
digestibility with age was extensively studied because of the important 
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Table 9. The main effect mean showing the Influence of sunflower meal 
(SF) level, supplemental fat level and age on the nitrogen-
corrected metabolizable energy (MEn) of the diet - Experiment 
II 
Age, weeks Diet MEn. kcal/kg 
2 2902 
4 2863 
6 3062 
SF level. (%) 
0 3200 
10 2956 
20 2740 
Fat level, (%) 
0 2798 
6 3133 
Source of variation 
Age .01 
SF .01 
Fat .01 
SF*Fat NS® 
SF*SF .03 
SF*Fat .01 
WK*SF*Fat NS 
N^ot significant. 
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Table 10. Change In determined nitrogen-corrected metabollzable energy 
(MEn) o£ the diets with age - Experiment II 
Changes in MEn, kcal/kg^ " 
Diet treatment, % Age, weeks 
SF level Fat level 2-4 2-6 4-6 
0 0 38^  145 107 
10 0 43 - 9.50 -52 
20 0 52 72 101 
Mean 42 69 42 
0 6 83 228 144 
10 6 -56 270 320 
20 6 -72 250 322 
Mean -11 249 257 
Source of variation 
SF NS^  NS .01 
Fat NS .01 .01 
SF*Fat NS .03 .01 
A^verage of four pens, eight chicks/pen. 
O^btained by subtracting the MEn values at 2 weeks from MEn at 4 
weeks of age, etc. 
N^ot significant. 
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role of fats as concentrated sources of energy In poultry diets (Carew et 
al., 1972; Katongole and March, 1980). Therefore, any Improvement in the 
ability of chickens to digest and absorb dietary fat with age would be 
expected to result in considerable increase of MEn of diet. The 
substantial increment of MEn of the diet with fat supplementation at 6 
weeks as compared to 4 weeks of age agrees with the report by Katongole 
and March (1980) on a consistent increase in fat digestibility as 
broilers aged up to six weeks of age. After six weeks of age, the 
authors did not detect any further increases in the efficiency of fat 
utilization. This increase was concurrent with an increase in the 
concentration of fatty acid binding protein in the intestinal mucosa. 
Similar observations were, also, reported in turkey by Sell et al. (1986) 
where 8-week-old turkeys obtained 17 to 20% more MEn from A-V fat than 2-
week-old turkeys. 
MEn of diets containing 10 or 20% sunflower meal with no added fat 
did not change significantly with age, possibly because of the high fiber 
content of those diets. Dietary fibers are highly indigestible by 
poultry. The relatively small gut size and fast rate of passage of 
digesta through the gastrointestinal tract of poultry does not favor 
microbial fermentation. 
In addition to their poor digestibility, dietary fibers are reported 
to exert some physical effects on the gastrointestinal tract that may 
alter its normal functioning. For example, fiber increases the rate of 
passage to an extent that, especially at young ages, can become limiting 
for optimum digestion and absorption of dietary nutrients (Summers and 
Leeson, 1986). Dietary fibers may also dilute the dlgesta and Increase 
the water-holding capacity of the diet resulting In some Interference 
with the action of the digestive enzymes and a reduction in rate of 
diffusion of digestion products toward the intestinal mucosal surface for 
absorption (Southgate, 1973). Dietary fibers may also bind, to bile salts 
and interfere with fat digestion. Therefore, the inclusion of fiber in 
the diet of young chicks could have a profound effect on nutrient 
digestibilities, especially of dietary fat because of its limited and 
slow digestion. It is possible that at 4 weeks of age, the addition of 
10 or 20% sunflower meal in the diet Increased its fiber content and, 
consequently, Increased the rate of passage to an extent that it limited 
the digestion of fat. This unfavorable effect of dietary fiber on fat 
utilization could have been exacerbated by the limited ability of young 
chicks to digest and absorb fat, thereby resulting in an unfavorable 
interaction effect of sunflower meal with fat at 4 weeks of age. 
However, this was not the case at 6 weeks of age, in which case, the 
addition of fat to the diets containing 10 or 20% sunflower meal 
increased MEn to a greater extent with a higher increment than did the 
addition of fat to the control diet. Probably, the ability of the 
chickens to utilize dietary fat improved during the period of 4 to 6 
weeks of age (Katongole and March, 1980) to an extent that the adverse 
effects of fibers on digestibility of fats and the rate of passage were 
minimized. Moreover, physiological and anatomical changes could have 
occurred to enable the chicken to adapt to the diets containing high 
levels of dietary fibers resulting in enlarged gut size and Increased 
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absorptive surface. Similar changes were previously described In 
chickens fed fibrous diets (Kondra et al., 1974). Dietary fats may have 
reduced the rate of passage to an extent that bacterial fermentation of 
dietary fibers was increased. Shires et al. (1987) reported that slower 
rate of passage may increase microbial fermentation resulting in 
increased availability of dietary energy for use by the animal. 
Therefore, chicks fed fibrous feed would be expected to benefit most from 
reduced rate of passage that could happen by the addition of fat to the 
diet. 
Therefore, it can be concluded that the favorable interaction effect 
of dietary fat and sunflower meal on MEn at 6 weeks of age was the result 
of an improvement in fat utilization with age, some adaptive changes in 
the digestive system of chicks with high fiber content, thus allowing 
better nutrient utilization and/(or) a change in the rate of passage 
caused by added fat which favored fiber fermentation. 
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ABSTRACT 
A factorial arrangement of six Isonitrogenous diets involving 
three levels (0, 10, or 20%) of sunflower meal (32.6% crude protein, 
18.4% crude fiber) and two levels (0 or 6%) of animal-vegetable fat were 
fed ad-libitum to broiler chickens from 1 day to 6 weeks of age. Body 
weight gain of chicks fed diets containing 10% sunflower meal was the 
same as that of the controls. However, when sunflower meal level was 
increased from 10 to 20% of the diet, a growth depression was observed 
(P<.01). Feed consumption was increased (P<.01) and feed efficiency (kg 
of feed consumed/kg of weight gain) was impaired (P<.01) by the 
inclusion of sunflower meal at 10 or 20% of the diet. The use of 6% 
supplemental fat resulted in increased body weight gain (P<.01), and 
improved feed efficiency (P<.01), but had no effect on feed consumption, 
irrespective of the sunflower meal level in the diet. The inclusion of 
up to 20% sunflower meal in the diet increased (P<.05) the relative 
weights of proventriculus, gizzard, jejunum and ileum but had no effect 
on the weights of duodenum and ceca. Energy efficiency (kcal of 
metabolizable energy consumed/kg of body weight gain) was improved 
(P<.01) and protein efficiency (kg of crude protein consumed/kg of body 
weight gain) was impaired (P<.01) with the inclusion of sunflower meal in 
the diet. The use of 6% supplemental fat improved protein efficiency, 
irrespective of the level of sunflower meal. Results show that sunflower 
meal can be used up to 10% of the diet with no adverse effect on growth. 
However, if supplemental fat is used to increase the energy concentration 
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of the diet, sunflower meal can be used effectively up to 20% of the 
diet. 
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INTRODUCTION 
Soybean meal Is the most commonly used protein source in poultry 
feed. The USA, China and Brazil provide about 90% of the world supply of 
soybean meal, indicating the closely defined areas where this crop can be 
grown. Thus, in some countries, cost of poultry production is increased 
considerably because of the additional cost of importing soybean meal. 
As a result, there is an interest in finding alternative protein sources 
from indigenous crops which are of economical importance to different 
areas of the world. 
Sunflower meal contains substantial amounts of protein of relatively 
good quality for use in poultry diets. Lysine is the most limiting amino 
acid (McGinnis et al., 1948; Klain et al., 1956; Rose et al., 1972; Rad 
and Keshavarz, 1976) in sunflower protein. However, lysine deficiency of 
diets containing sunflower meal can be corrected by supplementing the 
diets with synthetic lysine. Unless the seeds are decorticated before 
oil extraction, sunflower meal contains high levels of fiber and, 
commensurately, low metabolizable energy (MEn) contents. Thus, the use 
of substantial amounts of sunflower meal in broiler chicken diets usually 
Impairs feed efficiency and retards growth unless adjustments in diet 
composition are made to insure adequate dietary MEn Intake (Taha et al., 
1980; Rad and Keshavarz, 1976). 
Supplemental fats have been used in poultry diets as concentrated 
sources of energy. Besides their contribution to the energy 
concentration of the diet, supplemental fats are reported to Improve feed 
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efficiency of broiler chickens (Vermeersch and Vanschoubroek, 1968) by 
exerting what is termed as an "extracaloric effect", whereby the apparent 
metabolizable energy of the fat exceeds its gross energy (Touchburn and 
Naber, 1966; Mateos and Sell, 1980a; Gomez and Polin, 1974; Sell, 1977). 
The mechanisms of the "extracaloric effect" of fat are not well-defined. 
However, supplemental fats slow the rate of passage of feed through the 
digestive tract (Mateos and Sell, 1981; Mateos et al., 1982) allowing 
more time for complete digestion and absorption of nutrients of the diet 
(Mateos and Sell, 1980b). In addition, supplemental fats improve the 
palatability of the diet by reducing dustiness. 
The broad use of sunflower meal in broiler diets has been limited by 
its low metabolizable energy and poor palatability, even in geographical 
areas where sunflower meal is produced cheaply. The use of supplemental 
fat in broiler diets containing sunflower meal would increase the 
metabolizable energy content and reduce the dustiness of the diet. 
Moreover, the effect of supplemental fat on the rate of passage may be of 
special benefit to diets containing sunflower meal because fibrous feeds 
tend to increase the rate of passage (Summers and Leeson, 1986) to an 
extent that may limit digestion and absorption of nutrients. Hence, the 
use of supplemental fat in diets containing sunflower meal may be of 
special benefit because of the fibrous, dusty nature of this feedstuff. 
The objectives of this experiment were to evaluate the performance of 
chickens fed diets containing sunflower meal and to study the effect of 
using supplemental fat on the nutritive value of diets containing up to 
20% sunflower meal. 
MATERIALS AND METHODS 
Four hundred eighty, one-day-old male broiler (Hubbard x Hubbard) 
chickens were distributed equally into 24 pens (20 chickens/pen) in 
temperature-controlled battery brooders. After two weeks, the birds were 
transferred to 24, 1.8 x 1.8 m floor pens and were grown until 6 weeks of 
age. 
A factorial arrangement of six isonitrogenous, practical-type diets 
containing three levels of sunflower meal (32.6% crude protein, 18.4% 
crude fiber) (0, 10 or 20%) and two levels of animal-vegetable (A-V) fat 
(0 or 6%) were fed from 1 day to 6 weeks of age. Each of the six diets 
was randomly assigned to four pens, each of which was an experimental 
unit. The ingredient composition and calculated analysis of the starter 
and finisher diets are shown in Tables 1 and 2. The calculated MEn 
values of the starter and finisher diets were based on MEn of feed 
ingredients as suggested by NRC (1984) except for those of corn, soybean 
meal and A-V fat which were as determined by Zatari and Sell (1989). The 
fatty acid composition of the A-V fat used is shown in Table 3. The 
starter diets were fed from 0 to 4 weeks of age, whereas the finisher 
diets were fed from 4 to 6 weeks of age. 
All diets contained nutrients in amounts that satisfied the minimum 
nutrient requirements recommended by the National Research Council (1984) 
except for metabolizable energy (MEn), which increased with 6% fat 
supplementation and decreased with each 10% increment of sunflower meal 
level. Feed and water were provided ad-libitum throughout the trial. 
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Table 1. Ingredient composition and calculated analysis of the starter 
(0-4 weeks of age) diets 
Sunflower meal level. % 
0 10 20 
Fat level, % Fat level, % Fat level, % 
0 6 0 6 0 6 
Corn 62.44 54.93 56.92 49.41 51.29 43.78 
Soybean meal 
(48% protein) 24.01 25.55 24.43 25.97 24.85 26.39 
Sunflower meal 
(32.6% protein) 0.00 0.00 10.00 10.00 20.00 20.00 
Animal-vegetable fat 0.00 6.00 0.00 6.00 0.00 6.00 
Corn gluten meal 
(61% protein^  9.16 9.16 4.58 4.58 0.00 0.00 
Vitamin premix^  0.30 0.30 0.30 0.30 0.30 0.30 
Mineral premix 0.40 0.40 0.40 0.40 0.40 0.40 
Dicalcium phosphate 1.74 1.76 1.58 1.60 1.42 1.44 
Limestone 1.47 1.45 1.49 1.47 1.51 1.49 
D-L methionine 
(98% pure) 0.10 0.12 0.12 0.13 0.14 0.15 
L-lysine. HCl 
(98% pure) 0.27 0.24 0.18 0.14 0.09 0.05 
Arginine. HCl 
(80% pure) 0.11 0.09 0.00 0.00 0.00 0.00 
Total 100.00 100.00 100.00 100.00 100.00 100.00 
Calculated analysis 
Crude protein, % 23.00 23.00 23.00 23.00 23.00 23.00 
ME, kcal/kg 3080 3348 2897 3164 2713 2980 
Ether extract, % 2.82 8.25 2.74 8.17 2.67 8.10 
Crude fiber, % 2.45 2.34 4.12 4.01 5.79 5.68 
TSAA^ , % 0.93 0.93 0.93 0.93 0.93 0.93 
P^rovided the following per kilogram of diet: Vitamin A, 5000 lU; 
vitamin D_, 1500 lU; vitamin E, 12 lU; vitamin H Wg; vitamin K, 1.8 
rag; riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 
509 mg; folic acid, .55 mg; biotin, 75 yg. 
P^rovided the following per kilogram of diet: Manganese, 70 mg; 
zinc, 40 mg; copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
T^otal sulfur amino acids. 
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Table 2. Ingredient composition and calculated analysis of the finisher 
(4-6 weeks of age) diets 
Sunflower meal level. % 
10 20 
Fat level, % Fat level, % Fat level, % 
0 6 0 6 0 6 
Corn 69.68 62.18 64.53 57.01 59.34 51.83 
Soybean meal 
(48% protein) 19.03 20.57 17.98 19.53 16.93 18.47 
Sunflower meal 
(32.6% protein) 0.00 0.00 10.00 10.00 20.00 20.00 
Animal-vegetable fat 0.00 6.00 0.00 6.00 0.00 6.00 
Corn gluten meal 
(61% protein) 7.18 7.18 3.59 3.59 0.00 0.00 
Vitamin premix^  0.30 0.30 0.30 0.30 0.30 0.30 
Mineral premix 0.40 0.40 0.40 0.40 0.40 0.40 
Dlcalclum phosphate 1.47 1.49 1.31 1.33 1.16 1.18 
Limestone 1.67 1.65 1.70 1.60 1.72 1.70 
D-L methionine 
(98% pure) 0.02 0.03 0.02 0.03 0.03 0.04 
L-lyslne. HCl 
(98% pure) 0.22 0.18 0.17 0.13 0.12 0.08 
Arginlne. HCl 
(80% pure) 0.03 0.02 0.00 0.00 0.00 0.00 
Total 100.00 100.00 100.00 100.00 100.00 100.00 
Calculated analysis 
Crude protein, % 20.00 20.00 20.00 20.00 20.00 20.00 
ME, kcal/kg 3126 3394 2960 3227 2793 3060 
Ether extract, % 3.01 8.44 2.96 8.39 2.91 8.34 
Crude fiber, % 2.36 2.26 4.00 3.90 5.64 5.54 
TSAA^ , % 0.76 0.76 0.76 0.76 0.76 0.76 
P^rovided the following per kilogram of diet: Vitamin A, 5000 lU; 
vitamin D_, 1500 lU; vitamin E, 12 lU; vitamin B.., 11 yg; vitamin K, 1.8 
mg; riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 
509 mg; folic acid, .55 mg; biotin, 75 pg. 
P^rovided the following per kilogram of diet: Manganese, 70 mg; 
zinc, 40 mg; copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
T^otal sulfur amino acids. 
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Table 3. Characteristics and fatty acid composition of the animal-
vegetable fat used 
% 
Moisture 1.38 
Free fatty acids 64.00 
Unsaponifiable matter 2.32 
Insoluble impurities 0.40 
MIU 4.10 
Fatty acid composition of fat 
% of 
methyl esters 
C14 0.21 
C16 11.31 
C16;l 0.35 
C18 4.25 
C18;l 18.24 
C18:2 58.87 
C18;3 6.44 
Others 0.34 
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Body weight and feed consumption were recorded weekly. At the end of the 
experiment, three chickens per pen were randomly selected, fasted for 18 
hours, weighed, and killed by exsangulnatlon. Chickens were Immersed In 
60°C water for two minutes, deplumed, eviscerated and weighed again. 
Weights of proventrlculus, gizzard. Intestines (Including the ceca), 
duodenum, jejunum. Ileum and ceca were recorded. The proventrlculus and 
gizzard were emptied of digesta before weighing. The Intestines were cut 
at the junction between the gizzard and the duodenum and at the junction 
between the colon and the cloaca, and weighed full. Then, the duodenum 
was cut at the end of duodenal loop, the jejunum at the yolk stalk, and 
the Ileum at the Ileocecal junction. The duodenum, jejunum and ileum 
were weighed full. The ceca were separated and emptied before weighing. 
The data were analyzed by using the analysis of two-way variance 
(Snedecor, 1956). 
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RESULTS 
Performance Characteristics 
Body weight gain, feed consumption, and feed efficiency (kg of feed 
consumed/kg of weight gain) over the 6-week trial are shown In Table 4. 
Chicks fed the diets containing 10% sunflower meal gained essentially the 
same body weight as those fed the control diets (0% sunflower meal). 
This was true in the low-fat (0% A-V fat) and high-fat (6% A-V fat) diet 
series. However, body weight gain of chicks fed the diet containing 20% 
sunflower meal was depressed (P<.01), compared with the controls, even 
when the diet was supplemented with 6% dietary fat. The use of 6% A-V 
fat in the diet increased body weight gain significantly (P<.01), 
irrespective of the level of sunflower meal. It is interesting to note 
that body weight gain of chicks fed the diet containing 20% sunflower 
meal and 6% A-V fat was slightly superior to that of chicks fed the 
control diet supplemented with 0% A-V fat. 
Feed consumption was increased significantly (P<.01) by feeding 
diets containing 10 or 20% sunflower meal. This was true at the two 
levels of supplemental fat in the diet. However, there was no further 
Increase in feed consumption when the level of sunflower meal was 
increased from 10 to 20% of the diet. Fat supplementation at 6% of the 
diet had no significant effect on feed consumption, irrespective of 
sunflower meal level. 
Feed efficiency was impaired (P<.01) consistently as the level of 
sunflower meal increased in the diet, irrespective of the supplemental 
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Table 4. Effects of dietary sunflower meal (SF) and supplemental fat on 
body weight gain, feed consumption and feed efficiency (amount 
of feed consumed/gain) of broilers through the experimental 
period (0-6 weeks of age)* 
Diet treatments, % Feed 
SF Fat 
level level 
Gain, 
kg/chick 
consumption, 
kg/chick 
Feed 
efficiency 
0 0 
10 0 
20 0 
1.81 
1.84 
1.75 
3.54 
3.75 
3.77 
1.95 
2.04 
2.15 
0 6 
10 6 
20 6 
1.94 
1.95 
1.85 
3.54 
3.73 
3.67 
1.83 
1.91 
1.99 
Source of variation 
SF 
Fat 
SF*Fat 
0.01 
0.01 
NS 
0.01 
NS 
NS 
0.01 
0.01 
NS 
A^verage of four pens of 20 chicks/pen. 
N^ot significant. 
78 
fat level. The use of 6% supplemental fat In the diet improved (P<.01) 
feed efficiency at the three levels of sunflower meal used. 
The increments of body weight gain and magnitudes of improvement of 
feed efficiency observed with fat supplementation were similar at 0, 10, 
or 20% sunflower meal in the diet. Hence, the sunflower meal by fat 
level interaction effects on body weight gain and feed efficiency were 
not significant. 
Dressing Percentage and Measurements of Segments of the 
Gastrointestinal Tract 
The data on dressing percentage and measurements of segments of 
gastrointestinal tract are shown in Table 5. The dressing percentage 
(eviscerated weight*100/live weight) of chickens slaughtered at 6 weeks 
of age was not significantly affected by the level of sunflower meal or 
supplemental fat in the diet. The inclusion of 10 or 20% sunflower meal 
in the diets increased (P<.03) the relative weights (weight as percent of 
live body weight) of proventriculus, gizzard, intestines, jejunum and 
ileum but had no effect on the relative weights of duodenum and ceca. 
However, the response of the gizzard weight was different from all the 
other segments of the gastrointestinal tract to the inclusion of 
sunflower meal in the diet. In comparison to that of chicks fed the 
control diet, gizzard weight was not affected by the inclusion of 10% 
sunflower meal in the diet. However, when sunflower meal was added at 
20% of the diet, the weight of the gizzard was increased significantly 
over those of chicks fed the control or 10% sunflower meal diet. In 
contrast, the relative weights of the proventriculus. 
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Table 5. Effects of dietary sunflower meal (SF) and supplemental fat 
on dressing percentage and relative weights of segments of 
the gastrointestinal tract at 6 weeks of age 
% of 
diet Weight as % of live weight 
SF Dressing Proven- Giz­ Intes­ Duode­ Jeju­
level percentage trlculus zard tines num num Ileum Ceca 
0 66.01 0.32® 1.82 4.13 0.80 1.11 0.92 0.39 
10 65.85 0.38 1.83 4.45 0.84 1.21 1.07 0.40 
20 65.88 0.38 2.03 4.43 0.83 1.22 1.04 0.42 
Fat 
level 
0 65.73 0.37 1.97 4.44 0.83 1.22 1.06 0.41 
6 66.12 0.35 1.82 4.23 0.82 1.14 0.96 0.40 
Source of variation 
SF NS^  0.02 0.02 0.02 NS 0.03 0.01 NS 
Fat NS NS 0.03 0.05 NS 0.03 0.01 NS 
SF*Fat NS NS NS 0.05 NS NS NS NS 
*Maln effect means representing three chickens per experimental unit 
and four experimental units per dietary treatment. 
N^ot significant. 
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intestines, jejunum and ileum increased as the level of sunflower meal 
was increased from 0 to 10% of the diet but did not change when sunflower 
meal was increased fram 10 to 20% of the diet. The inclusion of 6% 
supplemental fat in the diet decreased (F<.05) the relative weights of 
gizzard, intestines, jejunum and ileum, but did not affect that of 
proventriculus, duodenum and ceca. The sunflower meal level by fat level 
interaction effects were not significant on any of the above-mentioned 
parameters except for relative weight of the intestines. 
Protein and Energy Intakes and Efficiencies 
Metabolizable energy and protein intakes and efficiencies over the 
6-week period are shown in Table 6. Chicks fed diets containing 10% 
sunflower meal consumed nearly the same amounts of metabolizable energy 
as those fed the control diets of both the low- and high-fat series. 
However, energy intake was reduced (P<.01) significantly when sunflower 
meal was included at 20% of the diet. The use of 6% supplemental fat in 
the diet increased energy consumption (P<.01) by about the same magnitude 
at each level of sunflower meal in the diet. Thus, no sunflower meal by 
supplemental fat interaction effect on energy consumption was observed. 
Energy efficiency (kcal of MEn consumed/kg of weight gain) was 
improved (P<.02) significantly with each 10% increment of sunflower meal 
in the diet, irrespective of the level of supplemental fat in the diet. 
Chicks fed diets containing 6% supplemental fat consumed more (P<.02) 
energy per unit of gain than those fed diets containing no supplemental 
fat, irrespective of the level of sunflower meal in the diet. 
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Table 6. Effect of sunflower meal (SF) level and the use of supplemental 
fat on energy intake (EI), energy efficiency, protein intake 
(PI) and protein efficiency through the experimental period 
(0-6 weeks of age)* 
Diet treatments, % Energy Energy Protein Protein 
SF Fat intake, efficiency, intake, efficiency, 
level level kcal/chick El/gain kg/chick Pl/gain 
0 0 11010 6076 0.78 0.43 
10 0 11003 5990 0.80 0.45 
20 0 10406 5934 0.80 0.46 
0 6 11950 6171 0.78 0.40 
10 6 11951 6121 0.80 0.41 
20 6 11104 6011 0.80 0.43 
Source of variation 
SF 0.01 0.03 0.01 0.01 
Fat 0.01 0.03 NS 0.01 
SF*Fat NS NS NS NS 
*Based on calculated values of MEn and crude protein of the diets. 
N^ot significant. 
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Changes in protein Intake were commensurate with changes in feed 
consumption because all the diets were isonitrogenous. Protein intake 
increased (P<.01) with the inclusion of 10 or 20% sunflower meal in the 
diet, irrespective of supplemental fat level. There was no further 
increase in protein intake when the level of sunflower meal was increased 
from 10 to 20% of the diet. The use of 6% supplemental fat had no effect 
on protein intake. 
Protein efficiency (kg of crude protein consumed/kg of weight gain) 
was consistently impaired (P<.01) as the level of sunflower meal 
increased in the diet in both low- and high-fat diet series. Chicks fed 
diets containing 6% supplemental fat consumed less crude protein per unit 
of body weight gain than those fed diets containing no supplemental fat, 
irrespective of the level of sunflower meal in the diet. 
There were no significant sunflower meal and supplemental fat level 
interaction effects on energy intake, energy efficiency, protein Intake 
and protein efficiency. 
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DISCUSSION 
Performance Characteristics 
Chicks fed diets containing 10% sunflower meal gained essentially 
the same body weight but consumed more feed and, consequently, were less 
efficient in utilizing feed than those fed the controls. The increase in 
feed consumption was an adjustment to the lower MEn content of the diets 
containing 10% sunflower meal as compared to the controls. Similar 
results were reported by Hill and Dansky (1954) who demonstrated that 
broiler chickens fed low-energy diets maintained a normal growth, but 
increased feed intake to compensate for the lower energy concentration of 
the diet. In some instances, however, the consumption of the needed 
amounts of additional feed to satisfy energy requirement could be 
hindered by the bulkiness and/(or) poor palatablllty of the diet. 
Summers and Leeson (1986) reported a growth depression concurrent with an 
increase in feed consumption of broiler chickens fed diets containing up 
to 30% dietary fiber. Obviously, in this instance, the broilers were 
unable to consume the amount of energy needed to fulfill their optimum 
growth potential. A similar response was observed in the current study, 
whereby broiler chickens fed diets containing 20% sunflower meal consumed 
more feed than those fed the control diet but, seemingly, these chickens 
reached their maximum physical capacity before they could consume the 
amount of energy required for normal growth. As a result, growth and 
feed efficiency were impaired. 
As was expected, weight gain was increased and feed efficiency was 
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Improved with the Inclusion of 6% supplemental fat in the diet. However, 
feed consumption was not significantly affected by fat supplementation, 
suggesting that the effect of supplemental fat on growth was the result 
of Increased MEn intake and, possibly, improvement in the utilization of 
dietary nutrients. These results are in agreement with reports by 
Yacowitz (1953), Combs and Romoser (1955), Combs et al. (1956), Donaldson 
et al. (1957), Rand et al. (1958) and Brue and Latshaw (1985). For 
example, Brue and Latshaw (1985) reported that increasing the levels of 
A-V fat up to 10% of broiler chickens' diets increased body weight gain. 
Improved feed efficiency but had no effect on feed consumption. The 
authors suggested that the improvement in weight gain was mainly due to a 
higher dietary energy intake. In contrast to the report by Brue and 
Latshaw (1985), Sunde (1956) demonstrated that birds consumed almost 
twice as much of a high-fat diet as compared to a low-fat diet. The 
author attributed this response to the favorable effect of dietary fat on 
palatabillty of the diet. Moreover, Sell and Thompson (1965) reported 
that feed Intake was significantly reduced and growth and feed efficiency 
were improved when 10% supplemental fat was used in broiler chickens' 
diets. The authors attributed the improvement in performance of chicks 
fed diets supplemented with 10% dietary fat to Improved metabolic 
efficiency by decreasing heat increment of the diet. Another possible 
explanation for this improvement could be the "extracalorlc effect" of 
fat (Touchburn and Naber, 1966; Mateos and Sell, 1980a; Gomez and Polln, 
1974; Sell, 1977) which is exerted through reducing the rate of passage 
of feed through the digestive tract (Mateos and Sell, 1981; Mateos et 
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al., 1982), allowing more time for complete digestion and absorption of 
nutrients (Mateos and Sell, 1980b)* 
In the current study, the use of 6% supplemental fat in the diet 
improved feed efficiency, irrespective of the level of sunflower meal. 
This improvement was, at least partly, due to an Increase in energy 
concentration in the diet. The extracaloric effect of fat could also 
contribute to the better feed efficiency that was observed with fat 
supplementation. 
It is worth noting that chicks fed 6% fat-supplemented diets 
containing 20% sunflower meal consumed similar MEn and gained almost the 
same body weight as those fed the diet containing neither sunflower meal 
nor supplemented fat. These data suggest that the reduction of growth 
that was observed in chickens fed the diet containing 20% sunflower meal 
without added fat was not due to the high fiber content of the diet per 
se, but could be attributed to inadequate MEn intake induced by the 
bulkiness of this diet. Fat supplementation corrected this Inadequacy by 
increasing the energy concentration of the diet. 
Dressing Percentage and Measurements of Segments 
of the Gastrointestinal Tract 
Dressing percentage of broilers processed at 6 weeks of age was not 
affected by the inclusion of 10 or 20% sunflower meal in the diet. These 
data agree with those reported by Valdivle et al. (1976), Valdlvie et al. 
(1977), and Valdivle and Hernandez (1980). In contrast, Afifi (1972) 
reported an Increase in the dressing percentage of chicks fed diets 
containing up to 18% sunflower meal. 
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The supplementation of 6% fat In the diet had no effect on the 
dressing percentage, although there was a tendency toward a slight 
increase. Arscott and Sather (1958) also reported that the inclusion of 
6% animal fat in the diet of broiler chickens had no effect on dressing 
percentage. Harms et al. (1957), however, reported an increase in the 
dressing percentage of broiler chickens with the use of 6.3% yellow 
grease in the diet. 
The dressing percentage is usually positively correlated with live 
body weight of chicks (McNally and Spicknall, 1949; Jaap et al., 1950) 
and negatively correlated to gut size. Therefore, it was expected that 
dressing percentage would decrease with increments of dietary sunflower 
meal and would increase with the addition of 6% supplemental fat. But 
these changes were not observed in the current study, possibly because 
the differences in the gut size and body weight of chicks fed the 
different diet treatments were not large enough to result in significant 
differences in dressing percentage. 
The weights of proventriculus, gizzard. Intestines, jejunum and 
ileum weights, as % of live weight. Increased as the sunflower meal level 
increased from 0 to 10 or 20% of the diet. This increase coincided with 
Increased feed consumption and probably reflected an adaptation that 
allowed the broilers to accommodate additional feed to compensate for the 
lower MEn content of the diet. Many researchers reported similar 
anatomical and physiological changes in the gut size of chicks fed low 
density diets (Deaton et al., 1973; Kondra et al., 1974; Nlr et al., 
1978; Teeter and Smith, 1985; Summers and Leeson, 1986). Summers and 
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Leeson (1986) added dietary fibers up to 30% of broiler chicken diets and 
reported a significant increase in gizzard weight. A similar response 
was observed by Teeter and Smith (1985), whereby the weights of crop, 
proventrlcuius, gizzard and small intestine were increased with force-
feeding broiler chickens at 140% of ad-libitum feed consumption. The 
similarity between the results of the two above-mentioned studies 
suggests that changes in gut size are not induced by either the energy or 
fiber level in the diet per se, but, most probably, by the volume of feed 
passing through the digestive tract (Savory and Gentle, 1976a; 1976b). 
Moss and Trenholm (1987) suggested that gut size of chickens began to 
Increase when the digestibility of the diet had decreased to a value 
below their digestive capacity. Once this point was reached, food intake 
did not seem to increase much with increasing fiber content, nor did the 
digestibility decrease. 
The data of the current research support this concept, at least In 
part, whereby Increased feed consumption. Increased bulkiness and, 
probably, increased rate of passage of diets containing 10 or 20% 
sunflower meal may have induced the enlargement of the gut. It can be 
noted that the trend of increase in the size of the segments (except for 
gizzard) of the gastrointestinal tract was parallel to that of feed 
consumption, whereby chicks fed diets containing 20% sunflower meal could 
not increase their feed consumption or their gut size above those of 
chicks fed diets containing 10% sunflower meal. It is possible that, in 
this Instance, chicks may have reached their maximum limit for the 
ability of the gut to distend, and thus, their maximum physical capacity 
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for feed consumption* 
The Increase in the relative weight of the gizzard with Increments 
of sunflower meal was different from that of other segments of the gut 
measured. The relative weight of the gizzard did not change when 
sunflower meal was Increased from 0 to 10% of the diet. However, a 
significant increase in the relative weight of the gizzard was observed 
when sunflower meal was added at 20% of the diet. It is possible that 
the gizzard could process the extra volume of the 10% sunflower meal diet 
without notable increase in size. However, the gizzard was forced to 
enlarge to accommodate the "extra bulk" of the diet containing 20% 
sunflower meal. Purportedly, the gizzard plays an Important role in 
regulating the rate of flow of digesta to the intestines. Therefore, an 
increase in the size of the gizzard would allow for a greater feed 
consumption without significantly affecting the rate of passage. Shires 
et al. (1987) reported that changes in the size of the gizzard served to 
minimize the effect of diet on passage rate in this segment. It is 
reasonable to think that the Increase in the rate of passage that would 
be expected with the inclusion of 10% sunflower meal may not have been 
adverse for optimum digestive processes; hence, the size of the gizzard 
was not changed. Moreover, any adverse effect that the inclusion of 10% 
sunflower meal in the diet had on the digestive processes. Including 
dilution of digestive enzymes and Increasing the rate of passage, was 
alleviated by the Increase in the size of the Jejunum and ileum in an 
attempt to Increase the absorptive surface areas. In contrast, the high 
fiber content of the diet containing 20% sunflower meal may have 
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Increased Che rate of passage to an extent that the digestive and 
absorptive processed were not optimal. This necessitated the enlargement 
of the gizzard to minimize the adverse effects of the high fiber content 
of the diet on the rate of passage and nutrient digestibilities. The 
need for the gizzard to enlarge was exacerbated by the inability of the 
jejunum and ileum to increase in size as the level of sunflower meal was 
increased from 10 to 20% of the diet. It is possible that the jejunum 
and ileum reached their maximum capacity to distend when sunflower meal 
was added at 10% of the diet. It seems that the different segments of 
the gut respond independently to dietary manipulation. However, any 
anatomical or physiological changes that occur in the gut is concerted 
toward maximizing the rate of digestion and absorption of dietary 
nutrients. Kondra et al. (1974) demonstrated that chickens fed high 
fiber diets increase their digestion and absorptive capacities by 
increasing the size of the small intestine and the length of the villi so 
that the required nutrients are obtained from the diet. 
Energy and Protein Intakes and Efficiencies 
Energy efficiency was improved with the inclusion of 10 or 20% 
sunflower meal in the diet. Chicks fed diets containing 20% sunflower 
meal were the most efficient in energy utilization. Many factors could 
have contributed to this improvement In energy efficiency. First, chicks 
fed diets containing sunflower meal may have adapted to the marginal 
level of MEn intake by reducing their energy requirement for maintenance; 
thus, a greater proportion of net energy from the diet was available for 
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growth* Consequently, energy efficiency was improved. Previous work 
with broilers (Pym and Farrell, 1977), calves (Blaxter and Wood,' 1951), 
sheep (Thompson et al., 1979) and rats (Westerterp, 1977) suggested that 
maintenance energy requirement decreases as energy intake decreases. 
Second, the lower MEn intake of chicks fed diets containing sunflower 
meal, as compared to that of the controls, may have reduced the amount of 
carcass fat and increased that of carcass protein per unit of gain. 
Farrell (1974) and Pym and Farrell (1977) demonstrated that carcass fat 
percentage decreased with decreasing levels of MEn intake. Per unit of 
weight gain, the amount of energy used for the formation of fat tissue is 
about five times that needed for lean tissue (Peterson, 1970). 
Therefore, the deposition of less carcass fat and more protein per unit 
of gain would be expected to improve energy efficiency. Carcass analysis 
was not done in the current research to corroborate this hypothesis. 
However, if these hypotheses hold true, carcass fat should have decreased 
and carcass protein should have increased as MEn intake decreased with 
the use of sunflower meal, and a significant improvement in the 
efficiency of energy utilization would result. 
The use of 6% supplemental fat increased energy intake but impaired 
the efficiency of energy utilization. The reduced energy efficiency 
could be attributed to the increased energy consumption commensurate with 
the use supplemental fat in the diet (Donaldson et al., 1957; Blaxter, 
1971; Dale and Fuller, 1979) and/(or) to differences in the composition 
of gain between chicks fed the nonsupplemented and 6% supplemented diet 
series. Brue and Latshaw (1985) used increasing levels of animal-
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vegetable fat blend from 2.5 to 10% of the diet and reported a consistent 
Increase In carcass fat as the level of fat increased in the diet. 
However, the latter authors did not formulate the experimental diets to 
be isocaloric; hence, the MEn of the diet increased with increasing 
levels of fat. Therefore, it is not clear whether the increase in 
carcass fat was due to the effect of dietary fat per se or due to the 
effect of higher energy level in the diet. Laurin et al. (1985) fed 
Isocaloric diets supplemented with 0 or 7% animal-vegetable blend to 
broiler chickens and reported no effect on carcass fat. 
Protein intake was increased and protein efficiency was impaired 
with the inclusion of 10 or 20% sunflower meal in the diet. Within the 
same diet series, energy intake was not increased commensurate with the 
Increase in protein intake to supply the amount of energy needed for the 
deposition of the additional protein consumed. As a result, at least 
part of the additional protein consumed was probably catabolized to be 
used as energy, resulting in impaired efficiency of protein utilization. 
Robel et al. (1956) demonstrated that dietary protein retention was 
significantly improved as the energy intake increased. 
The use of 6% supplemental fat in the diet improved protein 
efficiency. The improvement in protein efficiency could be attributed to 
Increased energy intake commensurate with fat supplementation (Robel et 
al., 1956), making the energy needed for protein deposition available for 
the animal. Dietary fat per se may also improve the digestibility of 
protein by reducing the rate of passage (Mateos and Sell, 1981) and 
allowing more time for digestion and absorption of protein. Rand et al. 
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(1958) reported a significant improvement in protein retention with the 
substitution of dietary fat for glucose in isonitrogenous and isocaloric 
broiler diets. 
In conclusion, sunflower meal can be used up to 10% in a low-fat 
diet with no adverse effects on performance of broiler chickens. Chicks 
increase their feed intake and their gut size to adapt to the low 
metabolizable energy content and the bulkiness of diets containing this 
concentration of sunflower meal. However, if supplemental fat is added 
to the diet, sunflower meal can be used up to 20% without reduction in 
growth. The data of this experiment suggest that the growth depression 
observed in chicks fed diets containing 20% sunflower meal could be 
attributed to Inadequate MEn intake caused by a limitation in the 
physical capacity of the gastrointestinal tract. Moreover, the growth 
depressing effect of diets containing 20% sunflower meal was prevented 
for the most part when fat was added to the diet. Hence, a higher level 
of fat supplementation than that used in this study may totally prevent 
the adverse effect of using sunflower meal at 20% of the diet on growth 
of broiler chickens. 
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ABSTRACT 
Three Isonltrogenous diets containing 0, 10, or 20% sunflower meal 
(32.6% crude protein, 18.4% crude fiber) were fed ad-libltum in two 
physical forms, mash or pelleted, to broiler chickens from 1 day to 7 
weeks of age. Body weight gain over the 7-week trial was improved 
(P<.01) by pelleting, irrespective of sunflower meal level in the diet. 
The inclusion of 10 or 20% sunflower me'al reduced (P<.01) body weight 
gain. The beneficial effect of pelleting on body weight gain was more 
pronounced with diets containing sunflower meal than with the control. 
Growth of chicks fed the pelleted diet containing 10 or 20% sunflower 
meal was comparable to that of chicks fed the pelleted control diet. 
Consequently, the sunflower meal by form of diet interaction effect on 
body weight gain was significant (P<.01). Improvements in growth were 
parallel to significant (P<.01) increases in feed consumption caused by 
pelleting, irrespective of the level of sunflower meal in the diet. The 
inclusion of sunflower meal increased feed consumption only when the 
diets were fed in the pelleted form, thereby resulting in a significant 
(P<.01) sunflower meal by form interaction effect. Feed efficiency (the 
amount of feed consumed/kg of weight gain) was significantly (P<.01) 
improved with pelleting but was impaired (P<.01) with the inclusion of 
sunflower meal in the diet. There was no significant Interaction effect 
of sunflower meal by form of diet on feed efficiency. Nitrogen-corrected 
metabollzable energy (MEn) and utilization of nutrients were improved by 
pelleting, irrespective of the sunflower meal level in the diet. Amount 
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of MEn consumed/kg of weight gain decreased with the Inclusion of 
sunflower meal In the diet, Irrespective of the form of the feed. This 
Improvement was most evident In diets containing 20% sunflower meal. 
Results show that pelleting diets containing sunflower meal Improved body 
weight gain. Increased feed consumption and Improved feed efficiency. 
The Improvement In weight gain and feed efficiency could be attributed to 
Increased feed consumption, an Increase In MEn of the diet, and Improved 
the utilization of nutrients. 
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INTRODUCTION 
The use of sunflower meal as a protein source in poultry feed could 
be of great economical importance in countries where sunflower is an 
indigenous crop and conventional protein sources are relatively expensive 
to produce or import. However, the. low concentration of lysine and high 
fiber content of the meal, a by-product of the oil extraction industry, 
has impeded its broad use in poultry feed. Afifi (1972) and Klain et al. 
(1956) reported that chicks fed diets containing sunflower meal grew 
slower than those fed the control diet. Lysine supplementation of the 
diet improved chick performance but did not overcome totally the adverse 
effect of including sunflower meal in the diet. The authors suggested 
that the high fiber content of sunflower meal was responsible, in part, 
for the reduction in performance that was observed even with lysine 
supplementation. Dietary fibers are believed to be highly indigestible 
by poultry. Also, dietary fibers dilute nutrient concentrations, add 
bulkiness to diets, and may reduce palatability of diets. Poultry 
usually respond to the diluting effects of fibers by increasing dietary 
intake and, thus, they may be able to consume enough nutrients to grow at 
a rate comparable to a control. But this compensatory increase in feed 
consumption may be hindered by physical limitations in the ability of the 
gut to distend. In these instances, feed consumption may not increase 
enough to satisfy nutrient requirements, and in more severe cases, feed 
consumption may be reduced to an extent that growth is impaired. 
Moreover, fibrous feeds have poor palatability that may reduce feed 
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consumption and growth. 
Pelleting Increases the density of the feed, thus allowing greater 
feed consumption and better growth rate (Heywang and Morgan, 1944; Lanson 
and Smyth, 1955; Llndbald et al., 1955; Hussar and Robblee, 1962; Allred 
et al., 1957). The mechanisms of the beneficial effects of pelleting on 
performance of chicks are not well-known. Many Investigators have 
reported that the Increase In feed consumption with pelleting Is the 
principal factor contributing to the Increased growth rate of chicks fed 
pellets (Arscott et al., 1957; Reddy et al., 1961). On the other hand. 
Sell and Thompson (1965), Hussar and Robblee (1962) and Allred et al. 
(1957) suggested that In addition to Its favorable effect on feed 
consumption, the pelleting process Induced some chemical changes which 
made nutrients more available for use by the animal. 
Pelleting may be especially effective In Increasing the density of 
fibrous feed, thus reducing Its bulklness and allowing a better 
adjustment of feed consumption In response to energy needs of the animal. 
Bearse et al. (1952) reported that the Increase in feed consumption 
due to pelleting may have more beneficial effects on performance of 
chicks fed high fiber diets than on those fed low fiber diets. 
Furthermore, pelleting reduces the problems related to the dustiness of 
fibrous feed; i.e., adherence of feed to the beak, causing ulcerations in 
the oral cavity, and reduced feed consumption and growth (Bearse et al., 
1952). 
The joint effect of heat and pressure could result in the disruption 
of the cell wall structure, making nutrients from feed ingredients more 
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accessible to digestive enzymes. 
Sunflower meal is a high fiber feedstuff with a nutritive value that 
may be improved by pelleting. The research literature describing the 
effect of pelleting on the nutritive value of diets containing sunflower 
meal is almost nonexistent. Hence, the objective of this experiment was 
to determine the effects of feeding pelleted diets containing sunflower 
meal on the performance and nutrient utilization of broiler chickens. 
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MATERIALS AND METHODS 
Four hundred eighty, one-day-old (Hubbard x Hubbard) male broiler 
chickens were weighed in groups of 20 and randomly assigned to each of 24 
pens in temperature-controlled battery brooders. After two weeks, the 
birds were transferred to 24, 1.8 x 1.8 m floor pens and were raised till 
7 weeks of age. 
The diet treatments consisted of three isonitrogenous diets 
containing 0, 10, or 20% sunflower meal (32.6% protein) prepared in two 
physical forms, pelleted and mash. Each of the six diet treatments was 
randomly assigned to four replicate pens. The composition and the 
calculated analysis of the starter and finisher diets are shown in Table 
1. The starter diets were fed from 0 to 4 weeks of age. The finisher 
diets were fed from 4 to 7 weeks of age. 
All diets used in this experiment contained nutrients in amounts 
that satisfied the minimum nutrient requirements recommended by the 
National Research Council (1984) except for metabolizable energy which 
decreased with each 10% increment of sunflower meal in the diet. 
The three diets containing 0, 10 or 20% sunflower meal were prepared 
in enough amounts to be divided equally into two lots. One lot was kept 
as mash and the other lot was pelleted. The diets were pelleted with the 
aid of steam in a California pellet mill Model CL-3 equipped with a 0.48-
cm die. 
Feed and water were provided ad-libitum during the experiment. Body 
weight and feed consumption were recorded weekly. Feces samples were 
106 
Table 1* Ingredient composition and calculated analysis of the starter 
(0-4 weeks of age) and finisher (4-7) weeks of age diets 
Sunflower meal level, % 
Ingredient, % Starter (0-4 wks) Finisher (4-7 wks) 
0 10 20 0 10 20 
Corn 60. ,65 54. 91 49. 97 67. 22 62. 20 57. 18 
Soybean meal 
(48% protein) 25. ,55 26. ,20 26. 43 21. 29 20. ,10 18. ,90 
Sunflower meal 
(32.6% protein) 0. ,00 10. ,00 20. 00 0. ,00 10. ,00 20. ,00 
Corn gluten meal 
(61% protein^ 
Vitamin premix. 
Mineral premix 
9. ,16 4. ,58 0. 00 7, ,18 3. ,59 0. ,00 
0. 30 0. 30 0. 30 0. 30 0. ,30 0. ,30 
0, ,40 0. ,40 0. 40 0. 40 0. ,40 0. ,40 
Dicalcium phosphate 1. 73 1. 57 1, .41 1. 45 1. ,30 1. ,14 
Limestone 1. ,47 1. 48 1. 50 1. 67 1. ,69 1. ,72 
D-L methionine 
(98% pure) 0. ,11 0. 13 0. 15 0. 03 0. ,01 0. ,00 
L-lysine.HCl 
(98% pure) 0. ,24 0. 13 0. 04 0. 16 0. ,11 0. ,06 
Arginine.HCl 
(80% pure) ^  0. ,09 0. 00 0, .00 0. 00 0. ,00 0. ,00 
Chromic oxide 0. 30 0, .30 0. 30 0. 30 0. ,30 0. ,30 
Total 100. ,00 100. 00 100, .00 100. 00 100. ,00 100. ,00 
Calculated analysis 
Crude protein, % 
ME, kcal/kg 
23. ,00 23. 00 23, .00 20. 00 20. ,00 20. ,00 
3060 2876 2694 3100 2935 2770 
Ether extract, % 2. ,79 2. 71 2, .64 2. 95 2. 90 2. ,86 
Crude fiber, % 2, .45 4, .13 5, .80 2, .40 4, .04 5. 67 
TSAA®, % 0. 94 0. 95 0. 95 0. 76 0. ,74 0. ,72 
^Provided the following per kilogram of diet: Vitamin A, 5000 lU; 
vitamin D , 1500 lU; vitamin E, 12 lU; vitamin B.., H Pg» vitamin K, 1.8 
mg; riboflavin, 2.7 mg; pantothenic acid, 7 mg; niacin, 75 mg; choline, 
509 mg; folic acid, .55 mg; biotin, 75 yg. 
^Provided the following per kilogram of diet: Manganese, 70 mg; 
zinc, 40 mg; copper, 6 mg; selenium, 0.15 mg; sodium chloride, 2.60 g. 
^Indigestible marker. 
Calculated based on NRC (1984) ingredient composition tables. 
Total sulfur amino acids. 
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collected from all pens at 14 and 49 days of age, then freeze dried and 
left for 2 days to equilibrate with the atmosphere. Feed samples were 
collected right after mixing the diets in the instances of mash diets and 
after pelleting in the instances of pelleted diets. Feed and feces 
samples were analyzed in duplicate for dry matter, gross energy, 
nitrogen, chromic oxide, starch and neutral detergent fiber (NDF). 
Duplicates of 2-g samples were dried at 70°C for 48 hours in a force 
draft oven to determine dry matter. An adiabatic bomb calorimeter was 
used to determine gross energy content. Nitrogen content was determined 
using macro-kjeldahl method (Association of Official Analytical Chemists 
(AOAC), 1980, section 2.057). Protein was calculated by multiplying the 
% nitrogen determined by the kjeldahl method times a factor of 6.25 
(AOAC, 1980, section 14.068). Chromic oxide was measured by using the 
procedure described by Fenton and Fenton (1979). Starch determination 
was done according to Macrae and Armstrong (1968). Samples were analyzed 
for neutral detergent fiber according to Goering and Van Soest (1970). 
MEns of the diet were determined according to the Hill and Anderson 
(1958) method. The retentions and digestibilities of nutrients were 
calculated by using chromic oxide as an indigestible marker. 
The data were analyzed by using two-way analysis of variance 
(Snedecor, 1956). 
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RESULTS 
Performance Characteristics 
Body weight gain, feed consumption and feed efficiency (amount of 
feed consumed/kg of weight gain) over the 7-week period are shown in 
Table 2. Body weight gain was improved (P<.01) by pelleting, 
irrespective of sunflower meal level in the diet. Chicks fed the mash 
diets containing 10 or 20% sunflower meal gained less weight (P<.01) than 
did chicks fed no sunflower meal. However, this depressing effect of 
sunflower meal on growth was not evident for chicks fed the pelleted 
diets. In the mash diet series, body weight gain of chicks decreased 
proportionally to Increasing levels of sunflower meal. Chicks fed the 
pelleted diets containing 10 or 20% sunflower meal had a growth rate 
comparable to that of the pelleted control (0% sunflower meal). Hence, 
the beneficial effect of pelleting on body weight gain was more 
pronounced in diets containing 10 or 20% sunflower meal than in the 
control diet. This resulted in a significant (?<.01) interaction effect 
of level of sunflower meal and form of diet on body weight gain. 
Feed consumption was increased (P<.01) by feeding pelleted diets. 
The inclusion of 10 or 20% sunflower meal in the mash diets did not 
greatly affect feed consumption. On the other hand, chicks fed the 
pelleted diets consumed more feed when sunflower meal was included at 10 
or 20% than at 0% of the diet. Thus, pelleting induced a greater 
increase of feed consumption in diets containing 10 or 20% sunflower meal 
than in that containing 0% sunflower meal, resulting in a significant 
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Table 2. The effects of sunflower meal (SF) level (%) and the use of 
pelleting on body weight gain, feed consumption, and feed 
efficiency (amount of feed consumed/kg of gain) of broiler 
chickens through the experimental period* (0-7 weeks of age) 
Diet treatment Weight Feed 
SF U gain. consumption. Feed 
level Form kg/chick kg/chick efficiency 
0 Mash 2.29 4.47 1.95 
10 Mash 2.12 4.42 2.09 
20 Mash 2.06 4.53 2.20 
0 Pellet 2.43 4.65 1.91 
10 Pellet 2.50 4.98 1.99 
20 Pellet 2.38 4.98 2.10 
Source of variation 
SF 0.01 0.01 0.01 
Form 0.01 0.01 0.01 
SF*Form 0.01 0.01 NS^ 
^Average of four pens of 20 chicks/pen. 
'^Physical form of the feed. 
%ot significant. 
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Interaction effect of sunflower meal level by form of diet on feed 
consumption. It is worth noting that there was no further increase in 
feed consumption when sunflower meal level was increased from 10 to 20% 
of the pelleted diets. 
Feed efficiency was improved (P<.01) by pelleting, irrespective of 
sunflower meal level in the diet. Chicks fed the diets containing 10 or 
20% sunflower meal consumed more feed per unit of gain than those fed the 
control diet, irrespective of the form of the feed. There was no 
significant interaction effect of sunflower meal level and form of diet 
on feed efficiency. 
Nitrogen-Corrected Metabolizable Energy and Nutrient 
Retentions and Digestibilities of the Diets 
Determined nitrogen-corrected metabolizable energy (MEn), nutrients 
retentions and digestibilities of the starter (2 weeks of age) and 
finisher diets (7 weeks of age) are presented in Table 3. MEn of the 
starter and finisher diets decreased (P<.01) as the level of sunflower 
meal increased in the diet. MEn of the diets was increased significantly 
(P<.01) by pelleting at each level of sunflower meal and at both ages of 
the broilers. However, the magnitude of the increase in MEn caused by 
pelleting was greater at 2 than at 7 weeks of age. There was no 
significant sunflower meal level and form of diet interaction effect on 
dietary MEn. 
Dry matter and nitrogen retentions, and neutral detergent fiber 
(NDF) digestibility of the starter and finisher diets were decreased 
significantly (P<.01) as the level of sunflower meal increased in the 
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Table 3. Influence of feeding pelleted diets on apparent nitrogen-
corrected metabolizable energy (MEn, kcal/kg) and nutrients 
utilization of the starter and finisher diets containing 
sunflower meal 
Diet treatment 
MEn 
Retention , % Digestibility^, % 
SF^ Form^ Dry matter Nitrogen Starch NDF^ 
Starter diet (2 weeks of age) 
0 Mash 3177 71.4 54.1 99.9 18.8 
10 Mash 2812 62.4 48.0 99.9 3.5 
20 Mash 2617 58.7 48.7 99.8 7.3 
0 Pellet 3312 74.4 61.0 99.9 21.3 
10 Pellet 3016 66.7 53.5 99.9 16.8 
20 Pellet 2814 62.0 51.8 99.9 18.6 
Source of variation 
SF 0.01 0.01 0.01 0.01 0.01 
Form 0.01 0.01 0.01 0.01 0.01 
SF*Form NS® NS NS NS NS 
Finisher diet (7 weeks of age) 
0 Mash 3177 68.7 41.5 99.9 15.8 
10 Mash 3032 65.4 36.1 99.9 15.8 
20 Mash 2740 57.0 27.5 99.9 4.5 
0 Pellet 3274 71.7 51.2 99.9 11.1 
10 Pellet 3100 66.2 35.8 99.9 10.2 
20 Pellet 2808 61.5 33.8 99.9 13.0 
Source of variation 
SF 0.01 0.01 0.01 0.01 0.01 
Form 0.01 0.01 NS NS NS 
SF*Form NS NS NS NS NS 
^Apparent digestibility. 
Level of sunflower meal in the diet, %. 
^Physical form of the feed. 
Neutral Detergent Fiber. 
Not significant. 
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diet. Pelleting improved the utilization of all nutrients of the starter 
diets, independently of the level of sunflower meal in the diet. 
However, only dry matter retention of the finisher diet was increased 
significantly (P<.01) by pelleting. This improvement in dry matter 
retention was observed irrespective of sunflower meal level. There was 
no significant sunflower meal level and form of diet interaction effect 
on any of the nutrient retentions and digestibilities of the starter or 
the finisher diets. 
Energy and Protein Intakes and Efficiencies 
Energy and protein intakes and efficiencies over the 7-week period 
are shown in Table 4. Energy intake decreased (P<.01) with increasing 
levels of sunflower meal in the diet. In the mash diet series, the 
decrease in energy intake was consistent with each 10% increment of 
sunflower meal. However, energy intake of the pelleted diets decreased 
only when sunflower meal was included at 20% of the diet. Pelleting 
increased energy intake (P<.01) at the three levels of sunflower meal, 
but this increase was more evident in diets containing sunflower meal 
than the control. This resulted in a significant (P<.01) interaction 
effect of sunflower meal and form of diet on energy intake. 
Energy efficiency (kcal of MEn consumed/kg of weight gain) was 
improved (P<.01) with the inclusion of sunflower meal at 10 or 20% of the 
diet, irrespective of the form of the feed. Chicks fed diets containing 
20% sunflower meal were most efficient in energy utilization. Pelleting 
had no significant effect on energy efficiency. The sunflower meal and 
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Table 4. Effect of sunflower meal (SF) level (%) and the use of 
pelleting on energy Intake (EI), energy efficiency, protein 
intake (PK) and protein efficiency through the experimental 
period (0-7 weeks of age) 
Diet 
SF 
level 
treatment 
Form^ 
Energy 
Intake 
kcal/chick 
Energy 
efficiency, 
El/kg gain 
Protein 
intake, 
kg/chick 
Protein 
efficiency, 
Pl/kg gain 
0 Mash 14184 6180 1.03 0.45 
10 Mash 13075 6181 1.03 0.49 
20 Mash 12235 5939 1.02 0.50 
0 Pellet 15282 6294 1.09 0.45 
10 Pellet 15303 6128 1.16 0.46 
20 Pellet 14010 5896 1.15 0.48 
Source of variation 
SF 0.01 0.01 0.01 0.01 
Form 0.01 NS*= 0.01 0.01 
SF*Form 0.01 NS 0.01 NS 
^Based on determined values of MEn and crude protein of the diets. 
^Physical form of the feed. 
^Not significant. 
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form of diet interaction effect on energy efficiency was not significant. 
Changes in protein Intake were commensurate with changes in feed 
consumption because all the diets were isonitrogenous. Protein intake 
increased with the inclusion of 10 or 20% sunflower meal only in the 
pelleted diet series. There was no further increase in protein intake of 
the pelleted diets when sunflower meal level was increased from 10 to 
20%. Pelleting increased protein intake (P<.01) at the three levels of 
inclusion of sunflower meal. However, this increase was most pronounced 
in diets containing 10 or 20% sunflower meal, resulting in a significant 
interaction effect (P<.01) of sunflower meal and form of diet. 
Protein efficiency (kg of crude protein consumed/kg of weight gain) 
was impaired (P<.01) with the inclusion of 10 or 20% sunflower meal in 
the diet, irrespective of the form of the feed. Pelleting improved 
protein efficiency (P<.01) at the three levels of sunflower meal in the 
diet. There was no significant sunflower meal and form of diet 
Interaction effect on protein efficiency. 
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DISCUSSION 
Performance Characteristics 
Pelleting the diets significantly Increased body weight gain and 
feed consumption, and Improved feed efficiency of broiler chickens over 
the 7-week period* The beneficial effects of pelleting on performance of 
chickens were described previously by many researchers (Heywang and 
Morgan, 1944; Lanson and Smyth, 1955; Llndbald et al., 1955; Hussar and 
Robblee, 1962; Sell and Thompson, 1965); however, the mechanisms by which 
pelleting exerts Its effect are not well-known. Investigators suggest 
that pelleting Improves growth by Increasing feed consumption and/(or) 
altering the chemistry of dietary nutrients making them more available 
for digestive enzymes of the animal. In the current research, pelleting 
Improved growth of chicks by inducing a substantial increase in their 
feed consumption. Moreover, chicks fed pelleted feed were able to derive 
more energy from the diet than those fed mash. This contributed to the 
superior growth and feed efficiency of chicks that were observed with 
feeding pelleted diets. Furthermore, pelleting may have decreased the 
amount of time and, consequently, energy spent on eating activity (Jensen 
et al., 1961). Therefore, more net energy was used for growth. As a 
result, body weight gain and feed efficiency were improved considerably. 
There were many attempts in the literature to explain the mechanisms 
of the hyperphaglc response of chickens to pelleted diets, but none have 
been conclusive. Some investigators suggested that chickens preferred 
pellets to mash because of the larger particle size. Curda et al. (1963) 
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fed chickens the same feed ground to the particle sizes of 0.78, 1, and 
1.3 mm. He observed that chickens preferred the largest particles. 
Similarly, Hole and Sannan (1959) reported a negative correlation between 
the percentage of fine particles (less than 1 mm) and feed consumption. 
During the course of this experiment. It was noticed that chickens fed 
diets in the mash form consumed the coarse particles first and tried to 
avoid the very fine particles in the feed. This was most evident in 
diets containing sunflower meal, which were more dusty than the control. 
The observations reported in this study agree with reports in the 
literature suggesting that the increase in feed consumption due to 
pelleting could be attributed, at least partly, to the improved 
palatablllty of the diet and the larger particle size of the pellets. 
Most of the reports in the literature attribute the hyperphaglc 
response of chickens fed pelleted diets to the increased feed density of 
the pellets. Birds eat a distinct meal every half an hour (Jensen et 
al., 1961), possibly to maintain a minimum desirable level of digesta in 
the crop and a consistent flow of digesta through the intestines 
(Richardson, 1970). Hence, it can be assumed that chicks would be able 
to increase the amount of feed consumed per meal of the pelleted feed 
because it has less bulk volume as compared to the mash. It is not clear 
whether pellet-fed chickens become hyperphaglc because of their tendency 
to overconsume high density feed or to attain a minimum level of flow in 
the gastrointestinal tract as suggested by Richardson (1970). Data on 
the effect of the volume and flow rate of digesta through the gut on feed 
consumption are almost nonexistent in the literature. However, numerous 
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researchers have reported that broiler chickens have a limited ability to 
regulate their feed Intake according to their energy need. This Is 
usually attributed to the usa of high feed Intake as a trait for genetic 
selection for fast growth. As a result, broilers tend to consume In 
excess of their nutrient requirement and, consequently deposit excessive 
carcass fat. On the other hand, broilers have a limited ability to 
Increase their feed Intake when fed low density diets. Newcombe and 
Summers (1984) showed that leghorn chickens have a greater capacity to 
Increase Intake of diets of lower nutrient density than do broiler 
chickens. In the current research, chicks fed the mash diets containing 
10 or 20% sunflower meal were unable to consume enough energy to support 
a normal growth. As a result, feed efficiency and growth were 
significantly impaired. It is reasonable to think that the bulkiness, 
and probably the poor palatability, of those diets hindered the 
consumption of additional feed that was needed to supply adequate energy 
for normal growth. In contrast, chickens fed the pelleted diet 
containing 10 or 20% sunflower meal consumed additional feed to 
compensate for the lower MEn content of those diets and, as a result, 
they grew at a rate comparable to that of the pelleted control. 
Data of the current experiment suggest that broiler chickens do not 
regulate their energy intake as precisely as was suggested by Hill and 
Dansky (1954) and others. But, unless hindered by palatability of the 
diet, broilers consume up to their maximum physical fill of a low energy 
diet. However, if they are fed high energy diets where the bulkiness of 
the diet is not a limiting factor for feed consumption, they Increase 
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their feed consumption but they do not exceed a certain set point level 
above which It becomes metabollcally Impossible to use the energy 
ingested for tissue deposition. 
Nitrogen-Corrected Metabollzable Energy and Nutrients Retentions 
and Digestibilities of the Diet 
MEn of the diet decreased as the level of sunflower meal Increased. 
This decrease was expected since the diets were not formulated to be 
Isocalorlc. The determined MEn values of the mash diets containing 10 or 
20% sunflower meal tended to Increase with age. This Increase in MEn 
with age, which is consistent with reports by Bayley et al. (1968), and 
March et al. (1973), may be related to Improved digestive capacity and 
slower rate of passage through the digestive tract as the bird aged 
(Hlllerman et al., 1953). A slower rate of passage may allow more time 
for digestion and absorption of nutrients and, consequently, Increase the 
metabollzable energy of the diet. Moreover, microbial degradation of 
dietary fibers may be considerably increased with slower rate of passage 
resulting in increased availability of dietary energy for use by the 
animal (Shires et al., 1987). Nutrient digestibilities and retentions 
data of the current research do not totally support these hypotheses. 
The improvements in nutrients utilization with age were not consistent. 
However, a trend of improvement with age was observed in the mash diet 
containing 10% sunflower meal, especially for the digestibilities of NDF 
and starch and the retention of dry matter. This was not true for the 
mash diets containing 0 or 20% sunflower meal. 
The inconsistency of the change in the dietary MEn with age has been 
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well-documented In the research literature. Petersen et al. (1976) used 
the Hill and Anderson (1958) method to determine the MEn of diets 
containing different levels of energy and dietary fiber. The authors 
reported similar values of MEn of highly digestible, low fiber diets when 
fed to either broiler chickens or laying hens. However, dietary MEn 
values of medium to high fiber diets were higher when fed to laying hens 
than broiler chickens. In the current research, the MEn of the mash 
diets containing 10 or 20% sunflower meal showed a trend of Improvement 
with age while MEn of the control diet did not. This implies that the 
amount of energy that could be derived from fibrous feed may Improve with 
age. The mechanlsm(s) of such Improvement is not well-understood. 
However, chickens are capable of adapting to a high fiber diet by 
undergoing some anatomical and physiological changes in the digestive 
tract to compensate for the variation in nutrients concentrations of the 
diet. High Intakes of fibrous feed were associated with heavier relative 
weights of the pancreas, crop, proventrlculus, gizzard, small Intestine 
and large intestine in meat- and egg-type chickens (Kondra et al., 1974). 
Kondra et al. (1974) reported an increase in the total number and the 
length of the villi with high fiber diets. Savory and Gentle (1976) 
concluded that Japanese quail on different diets may adjust their guts to 
the size necessary to maintain a desired rate of digestion. Moreover, 
the microbial population responsible for fiber digestion may increase as 
a result of the availability of substrates (Bedbury and Duke, 1983). 
MEn of all diets were significantly improved by pelleting at 2 and 7 
weeks of age. The reports in the literature on the effect of pelleting 
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on MEn are contradictory. Reddy et al. (1961), Moran et al. (1968) and 
Carre et al. (1987) reported an increase in MEn with pelleting. In 
contrast. Hussar and Robblee (1962), Sell and Thompson (1965), and Mollah 
et al. (1983) were unable to detect a significant improvement in MEn with 
pelleting. 
The improvement in MEn with pelleting was commensurate with improved 
nitrogen and dry matter retentions and digestibilities of starch and NDF 
at 2 weeks of age, but only dry matter retention was improved at 7 weeks 
of age. The joint effect of heat and pressure could result in the 
disruption of the cell wall structure and some changes in the chemistry 
of the nutrients making them more accessible to digestive enzymes. 
The improvement in nitrogen retention with pelleting could be due to 
the denaturation of protein by breaking the sulfide bonds resulting in 
increased availability of protein to the digestive enzymes (Moran et al., 
1968). Olson and Slinger (1968) attributed the improvement in protein 
digestibility of diets containing wheat bran with pelleting to the 
increased availability of protein originating from the aleurone layer of 
the cell. The authors hypothesized that the pressure of the pelleting 
process may have resulted in the hydrolysis of certain fibrous material 
surrounding the aleurone cells making the protein more available to 
digestive enzymes. 
Starch digestibility in the current study was close to 100% in all 
the diets at 2 and 7 weeks of age. This is in agreement with previous 
reports that chicks develop the digestive capacity to utilize starch 
early in life (Moran, 1985). Moreover, starch was the main source of 
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energy that was available for use by the animal since no supplemental fat 
was included in the diet. Therefore, high digestibility of starch would 
be expected. Statistically, there was a significant improvement in 
starch digestibility with pelleting. However, with such high 
digestibility values for starch, the nutritional significance of such 
increase can be questioned. 
The larger particle size of the pellet may require more time for 
grinding in the gizzard (Heuser, 1945) and, hence, slow rate of passage 
and result in better nutrient utilization. Heuser (1945) reported that 
whole corn remains in the crop and gizzard longer than cracked corn. 
The inclusion of sunflower meal in the diet impaired the utilization 
of nutrients. High fiber in the diet has been reported to decrease the 
utilization of nutrients in the digestive tract. The specific mechanisms 
of these effects are not well-known. Several hypotheses have been 
proposed to explain those mechanisms. First, fibrous feed may increase 
the rate of passage (Summers and Leeson, 1986); hence, digestion and 
absorption of nutrients may be reduced. Second, dietary fiber increases 
the bulkiness and water-holding capacity of the diet, resulting in 
reduced rate of diffusion of digestion products toward the intestinal 
mucosal surface for absorption (Southgate, 1973). Third, fiber may cause 
mechanical erosion of the mucosal surface leading to increased endogenous 
losses (Southgate, 1973). 
The data on NDF digestibility were not consistent, possibly due to 
individual variation in the ability of the broilers to utilize dietary 
fibers. These individual variations were reported in humans (Cummings, 
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1981) and pigs (King and Taverner, 1975). However, pelleting tended to 
Improve NDF digestibility of the diets containing 10 or 20% sunflower 
meal more than that of control diets. 
Protein and Energy Intakes and Efficiencies 
Energy efficiency was not affected by pelleting. However, energy 
efficiency was significantly improved with the inclusion of sunflower 
meal, irrespective of the form of diet. Improvement in the efficiency of 
energy utilization is typically associated with reduced metabolic rate 
(Brody, 1945), decreased MEn Intakes (Farrell, 1974; Pym and Farrell, 
1977) and/(or) changes in the composition of gain (Macleod et al., 1988). 
In the present data, body weight of chicks and, possibly, basal metabolic 
rate (Brody, 1945) decreased as the level of sunflower meal Increased in 
the mash diet series. Moreover, basal metabolic rate may have declined 
with the consistent decrease in MEn intake (Farrell, 1974) as the 
sunflower meal level increased in the diet. As a result of reduced basal 
metabolic rate, a greater proportion of net energy from the diets were 
available for growth resulting in Improved efficiency of energy 
utilization. Energy efficiency is, also, affected by the composition of 
carcass gain. Per unit of weight gain, the amount of energy used for the 
formation of fat tissue, is about five times that needed for lean tissue 
(Peterson, 1970). Therefore, the deposition of more protein than fat per 
unit of gain will improve energy efficiency. Broilers usually consume 
energy in excess of their metabolic ability for tissue growth leading to 
fat deposition (Farrell, 1974; Wells, 1963). Therefore, diluting the 
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diet with fiber from sunflower meal reduced body weight gain but may have 
reduced basal metabolic rate and changed the composition per unit of gain 
toward more carcass protein and less fat resulting in improved efficiency 
of energy utilization* Carcass analysis was not done in this experiment 
to corroborate this hypothesis. However, if these hypotheses hold true, 
carcass fat should decrease and carcass protein should increase as MEn 
intake decrease. 
Protein intake paralleled feed intake because all the diets were 
isonitrogenous. In the mash diet series, protein intake was the same, 
but protein efficiency was consistently impaired with increasing levels 
of sunflower meal. Energy intake decreased with increasing levels of 
sunflower meal in the diets fed as mash. It is possible that the energy 
available for accretion of dietary protein Into body tissue was not 
adequate for chicks fed mash diets containing sunflower meal because of 
reduced energy Intake. As a result, part of the dietary protein was 
catabollzed to be used as energy resulting in impaired protein 
utilization for growth. Pelleting increased energy intake significantly. 
Therefore, more energy was available for dietary protein deposition in 
body tissue, resulting in Improved protein efficiency. 
The data reported herein show that chicks fed pellets containing up 
to 20% sunflower meal consumed more feed, gained more body weight and 
utilized feed more efficiently than those fed mash. Moreover, pelleting 
Improved MEn and utilization of nutrients of the diets. The beneficial 
effects of pelleting on growth and feed consumption were more pronounced 
with diets containing 10 or 20% sunflower meal than with the control. 
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Sunflower meal can be used successfully up to 20% of broiler chickens 
diets provided that level of energy Intake Is made adequate for optimum 
growth. Pelleting Is effective In Increasing MEn Intake and, 
consequently, alleviating the reduced growth that Is usually observed 
with feeding diets containing substantial amounts of sunflower meal. 
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SUMMARY AND DISCUSSION 
Sunflower meal, a by-product of the oil extraction industry, is a 
rich protein source that has a potential for use in poultry diets. In 
addition to its high protein content, sunflower meal contains substantial 
amounts of fiber which reduces the metabolizable energy concentration in 
the diet when sunflower meal is substituted for a less fibrous protein 
source such as soybean meal. Chickens usually respond to such low-energy 
diets by increasing their feed intake in an attempt to consume enough 
amounts of energy to satisfy their requirements. However, in many 
instances, this adjustment in feed intake is hindered by the bulkiness of 
the diet and/(or) a limited ability of the chickens to increase their 
feed intake. This is especially true in the case of broiler chickens. 
Therefore, unless the dietary energy density is Increased, the use of 
substantial amounts of sunflower meal in broiler diets may impair feed 
efficiency and in the instances of Inadequate MEn intakes, reduces growth 
rate (Taha et al., 1980; Rad and Keshavarz, 1976). Based on these 
reports from the literature, four experiments were designed to determine 
the metabolizable energy content of diets containing sunflower meal and 
to investigate the use of supplemental fat or diet pelleting on the 
nutritive value of broiler chicken diets containing sunflower meal. 
Apparent nitrogen-corrected metabolizable energy (MEn) content of the 
feed ingredients used in subsequent experiments were determined in 
Experiment I. The determined MEns (kcal/kg) of the feed ingredients 
were: corn, 3280; soybean meal, 2320; sunflower meal, 940; and animal-
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vegetable (Â-V) fat, 6805. In Experiment 11, the MEn content of diets 
containing 0, 10 or 20% sunflower meal were determined with the 
supplementation of 0 or 6% Â-V fat. Experiments 1 and II were described 
and discussed in Section 1. 
After determining the MEn contents of the feed ingredients and the 
diets (Section I), Experiment III was conducted to evaluate the 
performance of broiler chickens fed diets of the same ingredients 
composition as those used in Experiment II. Experiment III is reported 
and discussed in Section II. 
Dietary MEn decreased with each 10% increment of sunflower meal in 
the diet (Section I). Chicks fed the diets containing 10 or 20% 
sunflower meal responded to the lower dietary MEn content by increasing 
their feed intakes in an attempt to consume the amount of energy required 
for normal growth (Section II). Chicks fed the diets containing 10% 
sunflower meal were able to adjust their energy intake to consume as much 
energy and, consequently, grow at a rate comparable to those fed the 
control diets. However, this was not true for chicks fed the diets 
containing 20% sunflower meal (with or without supplemental fat). In 
this instance, the chicks increased their feed intake, in comparison to 
the controls (with or without supplemental fat), but not enough to 
satisfy energy requirements. As a result, growth was slightly depressed. 
However, chicks fed the diet containing 20% sunflower meal supplemented 
with 6% A-V fat gained at a rate comparable to those fed the control diet 
with no added fat. 
In addition to increased feed intake, some anatomical changes in the 
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gastrointestinal tract were observed with feeding broiler chickens' diets 
containing 10 or 20% sunflower meal (Section II). The relative weights 
of the gizzard, proventrlculus, Jejunum and Ileum were Increased as the 
level of sunflower meal Increased from 0 to 10 or 20% of the diet. These 
changes In the gastrointestinal tract size enabled the chicks fed the 
sunflower meal diets to accommodate the additional amounts of feed needed 
and the extra bulk of these diets, as compared to the control. 
Furthermore, these changes may have alleviated some of the adverse 
effects of high fiber content of these diets on the efficiency of 
nutrient utilization In the gastrointestinal tract. For example, an 
Increase In the gut size would slow the rate of passage and Increase the 
absorptive surface which may result In a more efficient digestion and 
absorption of nutrients. These favorable effects may especially benefit 
chicks fed diets containing 10 or 20% sunflower meal since dietary fiber 
may increase the rate of passage and act as a physical barrier between 
nutrients and the absorptive surface to an extent that digestion and 
absorption are reduced. 
It is worth noting that, with each 10% Increment of sunflower meal 
In the diet, the trend of changes in feed consumption was parallel to 
those changes that were observed in the relative weights of segments of 
the gastrointestinal tract, except for that of the gizzard. Feed 
consumption and relative weights of the segments of the gastrointestinal 
tract (except for the gizzard) increased as the level of sunflower meal 
Increased from 0 to 10% of the diet. However, there was no further 
change in feed consumption or in the relative weights of the 
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gastrointestinal segments when sunflower meal was Increased from 10 to 
20% sunflower meal. In comparison to the 10% sunflower meal diets, 20% 
sunflower meal diets contained more fiber and less MEn. Therefore, it 
was expected that chicks fed the diets containing 20% sunflower meal 
would consume more feed and have larger gut size than those chicks fed 
the 10% sunflower meal diets. However, this did not occur. Chicks fed 
diets containing 20% sunflower meal consumed as much feed and had the 
same relative weights of segments of the gastrointestinal tract (except 
for the gizzard) as those fed 10% sunflower meal diets. Therefore, it is 
reasonable to think that chicks fed the 10% sunflower meal increased 
their feed consumption and their gut size up to their maximum capacity. 
Furthermore, when sunflower meal was increased from 10 to 20% sunflower 
meal, it was impossible for the chicks fed the 20% sunflower meal diet to 
consume enough additional feed or to further increase their gut size to 
accommodate the extra bulk. As a result, growth was impaired. 
The addition of 6% supplemental fat increased dietary MEn (Section 
I), MEn intake and, consequently, growth and feed efficiency (Section I). 
This was true at the three levels of sunflower meal in the diet. The 
magnitudes of improvements in growth and feed efficiency with fat 
supplementation were similar at 0, 10 or 20% sunflower meal in the diet. 
Feed consumption was not significantly affected by use of supplemental 
fat in the diet. 
It was concluded from Experiments II and III that the growth 
depression observed in chicks fed diets containing 20% sunflower meal 
could be attributed to inadequate energy intake. It seems that, in this 
134 
Instance, the chicks reached their maximum capacity for feed consumption 
and for the gut to distend. Therefore, as compared to chicks fed 10% 
sunflower meal diets, these chicks were not able to further increase 
their feed consumption in response to a lower energy concentration of the 
diet. Based on these conclusions. Experiment IV was designed to 
investigate whether increasing the feed density, by pelleting, would 
allow a greater feed consumption and, therefore, alleviate the adverse 
effects of using sunflower meal at 20% of the diet on performance of 
broiler chickens. Three diets were formulated to contain 0, 10, or 20% 
sunflower meal. Each diet was fed in the form of mash or pellet. 
Experiment IV is described and discussed in Section III. Pelleting the 
diet significantly improved growth and Increased feed consumption at the 
three levels of sunflower meal. However, the magnitudes of increase in 
feed consumption and growth were more pronounced in diets containing 10 
or 20% sunflower meal. The Increase in feed density with pelleting 
allowed the chicks fed diets containing 10 or 20% sunflower meal to 
consume more than those fed the pelleted control. As a result, chicks 
fed diets containing sunflower meal consumed enough energy and grew as 
much as those fed the pelleted control. In addition to the higher feed 
intake, MEn and nutrients utilization were improved by pelleting. 
From Experiment IV, it was concluded that increasing feed density by 
pelleting could be an effective method to reduce the bulkiness of diets 
containing sunflower meal and secure adequate MEn intake of diets 
containing sunflower meal up to 20% of the diet. 
It can be concluded from the research reported herein that sunflower 
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meal (32.6% protein, 18.4% crude fiber) can be used successfully up to 
20% of the broiler chickens' diets provided that the diets are formulated 
or prepared in ways to facilitate adequate energy intake. Supplemental 
fat is an effective means to increase the MEn concentration of diets 
containing sunflower meal, thereby allowing MEn intakes to be adequate 
for normal growth. Pelleting is another effective approach to improve 
the performance of broilers fed diets containing up to 20% sunflower 
meal. Pelleting increased feed consumption considerably, thereby 
allowing greater MEn intake and normal growth. 
It should be noted that the response of broilers to the level of 
inclusion of sunflower meal in the diet and to fat supplementation or 
pelleting may differ from that observed in the current study depending on 
the chemical composition of sunflower meal and the Ingredient composition 
of the diet. In the current research, there were some variations among 
experiments, in the response of broilers to the use of sunflower meal in 
the diet, especially with regard to the effect of sunflower meal on feed 
consumption in Experiments III and IV. These variations cannot be 
readily explained. 
Both fat supplementation and pelleting can be used together, when 
necessary, to Increase energy intake up to a level that supports normal 
growth. The choice of approach to improve the utilization of sunflower 
meal in broiler diets depends on the prevailing economic situation. The 
feed and total production costs per unit of marketable product must be 
evaluated before making such a choice. 
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APPENDIX A. CHEMICAL COMPOSITION (%) OF SUNFLOWER MEAL USED IN 
EXPERIMENTS I, II, III AND IV 
Dry matter 91.7 
Crude protein 32.6 
Ether extract 2.5 
Crude fiber 18.4 
^Determined by laboratory analysis. 
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APPENDIX B. ANALYTICAL PROCEDURES 
Determination of Chromic Oxide in Feed and Feces 
The procedure was modified from that described by Fenton and Fenton 
(1979). 
Reagents 
Digestion mixture. Dissolve 10 g of sodium molybdate dihydrate in 
500 ml of a 150:200:150 ml mixture of double distilled water-concentrated 
sulfuric acid - 70% perchloric acid. 
Procedure 
1. Weigh 2 g of feed or 1 g of feces containing 20-60 mg of chromic 
oxide (CrgOg) into 30 ml pyrex beaker. 
2. Ash samples overnight in a muffle furnace at 450°C. 
3. Let samples cool. 
4. Add 15 ml of digestion mixture to each sample. 
5. Heat samples on a hot plate (surface temperature up to 300°C) 
until a yellowish or reddish color develops; then heat for 10-15 
min. 
6. Remove from hot plate and cool. 
7. Transfer digests quantitatively to 100 ml volumetric flasks and 
bring to volume with double distilled water. 
8. Mix vigorously. 
9. Pour 10 ml of diluted digests into 17 x 100 mm disposable 
polystyrene culture tube with polyethylene cap. 
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10. Centrifuge for 5 mln. at 2400 rpm. 
11. Measure optical density (0.0.) at 440 nm. 
Standard curve 
1. Weigh several 5-60 mg portions of pure chromic oxide. 
2. Carry through the above procedure. 
3. The O.D. was plotted against mg of chromic oxide. 
Calculations 
% CrgOg In sample = [((O.D. - b)/a^)/W] * 100 
where a^ = slope of blank curve 
W = g of sample 
b = Intercept of standard curve 
a^ = slope of standard curve. 
Acid Insoluble Ash Determination 
This procedure was modified from that reported In AGAC (1980, 
section 33.141). 
Reagents 
HCl solution. Mix 50 ml concentrated HCl with 950 ml of double 
distilled water to make 1 1 of solution. 
Procedure 
1. Dry porcelain crucibles overnight In a 70°C oven; then cool In a 
desiccator and weigh. 
2. Dry Gooch sclntered glass crucibles In muffle furnace at 540°C 
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overnight; then cool in a desiccator and weigh. Return to 
desiccator for later use. 
3. Weigh 4 mg feed or 2 mg feces Into dried porcelain crucibles. 
4. Ash samples in a muffle furnace at 600°C for 24 hours. 
5. Transfer ashed sample into 125 ml erlenmeyer flask. 
6. Add 100 ml of HCl solution to flask, rising crucible once or 
twice with part of the 100 ml HCl. 
7. Boil samples 2-3 minutes on a hot plate; then stir or shake for 
30 minutes without heat. (Use shaking water bath with clamps in 
It for several samples.) 
8. Filter solution through dried Gooch scintered glass crucible 
using suction. 
9. Wash sample in crucible with water using suction. 
10. Dry crucibles with sample overnight in 110°C oven. 
11. Cool in a desiccator and weigh. 
Calculations 
Sample weight = (glass crucible + sample weight) 
- (glass crucible weight) 
% acid insoluble ash = x 100 
ash weight 
Enzymatic Procedure for Determination of Starch 
Starch was hydrolyzed to glucose using an enzymatic procedure 
described by Macrae and Armstrong (1968). The amount of glucose released 
from starch digestion was measured using glucose oxidase method. 
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Reagents 
1. Sodium acetate buffer, 0.2 M pH - 4.5. 
2. Âmyloglucosldase enzyme solution. 0.1 mg of amyloglucosidase 
(Sigma Chemical Company, A 7255) enzyme were dissolved in 1 ml 
of sodium acetate buffer. 
3. Glucose standard working solution. 7.12 mg of glucose were 
dissolved in 100 ml of double distilled water. 
4. Tris buffer. Dissolve 61 g of Tris base in 700 ml of double 
distilled water. Add 85 ml of 5 N HCl solution. Then adjust 
the pH of the mixture to 7.0 and dilute to 1000 ml with double 
distilled water. 
5. Peroxidase (Horseradish) (Sigma Chemical Company) solution. Use 
the unlts/mg listed on the bottle to calculate amount of 
peroxidase added (1650/unlts/mg*10) = mg of peroxidase. Then 
dissolve the peroxidase in 10 ml of double distilled water. 
Divide the solution to 1 ml allquots and freeze until needed. 
6. G-Dlanisidine.HCl (DIA) solution. Dissolve 225 mg of 0-
Dianisldlne.HCl (Sigma Chemical Company) in 20 ml of double 
distilled water. Divide into 1 ml allquots and freeze until 
needed. 
7. 66% sulfuric acid solution. Add 688 ml of concentrated sulfuric 
acid into 312 ml of double distilled water. 
8. Glucose oxidase (Sigma Chemical Company G-6500) type V 
9. TGO working solution. Mix 100 ml of Tris buffer, 2 ml of 
peroxidase solution, 2 ml of DIA solution, and 200 yl of glucose 
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oxidase. Mix well and keep chilled. The TGO working solution 
should be made up just before use. 
Procedures 
Starch digestion 
1. Weigh 0.1 g of feed or 0.2 g of feces containing up to 35 ug of 
glucose. 
2. Gelatinize in 9 ml of 0.2 M sodium acetate buffer, pH 4.5 at 
100°C for 4 hours in sealed, screw capped 50 ml glass pyrex 
tubes. Shake every hour. 
3. Cool to below 50°C. 
4. Add 1 ml of the amyloclucosidase enzyme solution. 
5. Incubate for 18 hour at 50°C in a shaking water bath. 
6. Centrifuge at 1500 rpm for 10 minutes. 
7. Filter supernatant through whatman filter paper #1 and collect 
the filtrate. 
Glucose determination This procedure is written on the basis 
that the final volume to be read on the spectrophotometer is 2 ml. 
1. Prepare solutions containing 0 to 35.5 ng of glucose using the 
following amounts: 
ml of glucose pg of glucose/ 
std solution ml of water tube 
0.0 0.5 0 
0.1 0.4 7.1 
0.2 0.3 14.2 
0.3 0.2 21.3 
0.4 0.1 28.4 
0.5 0.0 35.5 
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2. Pipette 0.5 ml of filtrate from unknowns and standards Into 13 x 
100 mm tubes. Place all tubes In Ice bath. 
3. Add 0.5 ml of TGO solution to each tube. 
4. Mix the contents and place the tubes at 37°C for 30 minutes. 
5. After 30 minutes, remove the tubes from the bath and Immediately 
add 1 ml of 66% sulfuric acid. 
6. Mix tube contents well and let cool to room temperature. 
7. Read absorbance at 560 nm. 
Calculations 
Plot the standard curve and calculate the slope and intercept of the 
straight line of the glucose concentration vs. the absorbance. 
% starch - (A-Ab) * a-b) x 100 
A = Absorbance of sample 
A^ = Absorbance of blank 
a = Slope of the glucose standard curve 
b = Intercept of the glucose standard curve. 
S = Sample weight. 
Determination of Neutral Detergent Fiber 
Neutral detergent fiber was determined according to Goerlng and Van 
Soest (1970) and modified by Van Soest and Robertson (1988). 
Reagents 
1. Neutral detergent solution. Dissolve 30 g of sodium lauryl 
sulfate, usp grade, 18.61 g of dlsodium ethylene 
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diaminetetraacetate dihydrate, reagent grade, 4.56 g of disodium 
hydrogen phosphate, anhydrous, reagent grade, 6.81 g of sodium 
borate decahydrate, reagent grade, and 10 ml of 2-ethoxyethanol 
(ethylene glycol, raonoethyl ether), purified grade in one liter 
of double distilled water. Adjust the pH of the solution to be 
within the range of 6.9 to 7.0. 
2. Neutralase enzyme solution. Weigh one gram of neutralase enzyme 
(ICN, 150208) and dissolve in 100 ml of double distilled water. 
Let stand for 15 minutes and then filter through whatman filter 
paper #54. 
3. Amylase enzyme solution. Weigh 5.9 g of heat-stable amylase 
(Sigma Chemical Company, A1278) and dissolve in 90 ml of double 
distilled water. Filter with whatman filter paper #1 and add 10 
ml of 2-ethoxyethanol. 
4. Acetone, reagent grade. 
Procedure 
1. Weigh 0.5 g of sample that has been ground to pass through a 1-
mm screen and transfer the sample to a 600-ml Berzelius beaker. 
2. Add 50 ml of neutral detergent solution and 1 ml of neutralase 
enzyme solution. Leave stand overnight. 
3. Heat to boiling for 10 minutes on a refluxing apparatus. Reflux 
for another 30 minutes. 
4. Add 50 ml of neutral detergent solution and 2 ml of amylase 
enzyme solution. Reflux for an additional 30 minutes. 
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5. Filter while hot through 50 ml Gooch-type crucible with coarse 
scintered glass or whatraan filter paper #54 using suction. 
6. Wash thoroughly with hot water. 
7. Wash two times with acetone (only if crucibles are used). 
8. Suck dry and put in a convection oven at 105°C for overnight. 
9. Cool in a desiccator and weigh. 
Calculations 
Using crucibles 
% ndF = of crucible + NDF) - weight of crucible empty] ^  
weight of sample 
Using filter paper 
% NDF = 
[(weight of paper + NDF) - (weight of paper x % DM of paper)] 
weight of sample ^ 
